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PREFACE. 


This  Memoir,  wliich,  with  the  exception  of  the  petrographical 
descriptions,  has  l)Ocn  wholly  written  by  Mr.  Lanipliigh,  embodies 
the  results  of  his  survey  of  the  Island,  which  was  commenced 
in  1892  and  completed  m  1807.  Tlie  pctrograi^hir^al  descriptions 
have  been  prepared  by  Professor  W.  W.  Watts,  who  commenced 
the  work  during  his  tenure  of  office  on  the  Geological  Survey, 
i>ut  completed  it  after  his  retirement  from  the  staff.  Our  thanks 
are  due  to  Professor  Watts  for  having  so  generously  undertaken 
to  complete  this  work  under  thaso  conditions.  The  map  was 
issued  in  1898  in  two  editions,  one  with  and  the  other  without 
the  drifts. 

The  work  of  the  Survey  in  this,  iis  in  other  districts,  has  l)oen 
greatly  facilitated  by  the  labours  of  previous  observers,  and 
especially  by  those  of  the  Rev.  J.  G.  Gumming,  whose  long- 
continued  and  iulmirable  researches  are  frequently  referred  to 
in  the  following  pages.  An  outline  of  the  geological  literature 
relating  to  the  Island  is  given  in  the  second  chapter. 

As  no  previous  account  of  the  mines,  beyond  brief  descriptions 
of  the  two  largest  mines  in  the  Island,  has  been  published,  it 
was  thought  desirable  to  enter  somewhat  fully  into  the  history 
and  details  of  the  mining  industry.  Through  the  courtesy 
of  the  Connuissionei's  for  Woods  and  Forests,  it  became  possible, 
from  documents  in  their  possession,  and  especially  from  the 
manuscript  reports  of  the  late  Sir  W.  W.  Smyth,  to  give  an 
authentic  account  of  the  numerous  old  workings,  now  abandoned 
and  inaccessible,  respecting  which  it  is  generally  difficult  to 
obtain  any  trustworthy  information  in  the  Island.  It  is  hoped 
that  this  part  of  the  volume  will  be  foimd  serviceable  to  persons 
connected  mth  the  mining  industry  and  to  students  of  the 
subject. 

Our  thanks  arc  due  to  Dr.  Wheelton  Hind  for  great  assistance 
in  the  palreontology  of  the  Carboniferous  rocks ;   to  the  Rev. 
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S.  N.  Harrison,  of  Itamsey,  for  the  loan  and  ^nft  of  specimens 
from  his  fine  collection  of  glacial  shells,  and  for  other  friendly 
services;  to  Mr.  A.,W.  Moore,  M.A.,  Speaker  of  the  House  of 
Keys,  and  author  of  "  A  History  of  the  Isle  of  Man,"  for  notes 
on  the  ancient  mines;  to  Mr.  P.  M.  C  Kerniode,  of  Ramsey,  for 
much  local  information  and  ready  help  at  all  times  ;  to  Mr.  H. 
Bolton,  for  permission  to  reproduce  his  description  of  the  fossils 
of  the  Manx  Slates ;  to  the  managers  of  the  mines,  throughout 
the  Island,  for  their  courteous  assistance  in  obtaining  informa- 
tion underground  and  for  access  to  the  mining  plans,  and 
especially  to  Captain  J.  Kitto,  Captain  W.  H.  Kitto,  and  Captain 
W.  H.  Rowe  for  particulars  regarding  old  woi'kings ;  to  Messrs. 
Craine  Bros.,  of  Liverpool,  and  to  Mr.  J.  Todd,  the  engineer- 
in-charge,  for  full  information  in  respect  tc  the  deep  borings  in 
the  north  of  the  Island  and  gift  of  specimens  ;  to  Sir  Archibald 
Geikie,  to  the  Council  of  the  Geological  Society  of  London,  and 
to  Professor  W.  A.  Herdman  for  pennission  to  reproduce  illus 
trations. 

The  Memoir  is  a  record  of  the  state  of  our  knowledge  of  the 
geology  of  the  Isle  of  Man,  based  on  the  work  of  previous 
observers  and  on  that  of  the  Survey.  The  chapters  printed  in 
large  type  give  a  consecutive  account  of  the  leading  features 
of  the  geology  of  the  Island,  while  the  chaptci-s  or  portions  in 
smaller  type  contain  the  details,  which  arc  principally  of  local 
interest  This  method  has  given  rise  to  a  certain  amount  of 
repetition ;  but  it  is  hoped  that  the  Memoir  will  have  been  thus 
rendered  more  convenient  both  to  the  general  student  and  to 
the  local  worker. 

J.  J.   H.  TEALL, 

Director. 
(jc.oliigical  Survey  Offi^ce^ 

^28,  Jet'myn  Street,  London, 
^2  September,  J9(K\ 
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THE  GEOLOGY  OF 

THE    ISLE    OF    MA]^^ 


PART  L— INTRODUCTORY. 


CHAPTER  1. 
GENERAL  DESCRIPTION  OF   THE  ISLAND. 

"Rising  from  the  middle  of  the  Irish  Sea,  within  si^ht  of 
each  of  the  three  Kingdoms,  with  a  history  and  associations  so 
distinct,  yet  so  intimately  linked  with  those  of  the  rest  of 
Britain,  this  interesting  Island  presents  in  its  geological  structure 
features  that  connect  it  alike  with  England,  Scotland  and 
Ireland,  while  at  the  same  time  it  retains  a  marked  individuality 
in  regard  to  some  of  the  rocks  that  form  its  framework." 
These  words,  with  which  Sir  Arch.  Geikie  preludes  his  account 
of  the  volcanic  rocks  of  the  Isle  of  Man  serve  equally  well  as  an 
introduction  to  its  general  geology.^ 

The  predominant  featiu'e  in  its  stratigraphy  is  the  central 
ridge  ot  slate  and  greywacke,  which  seems  to  have  constituted 
an  insulated  tract  at  as  early  a  date  as  the  beginning  of  the 
C'arboniferous  Period.^  This  prototype  of  the  present  Island 
appears  afterwards  to  have  been  enfolaed  and  obliterated  by  the 
Sfxliinents  of  later  times;  but  with  the  progress  of  denudation 
the  old  ridge  has  once  more  emerged  from  beneath  this  mantle. 

Its  insular  character  is  as  well  maintained  in  its  physical  as 
in  its  geological  features.  The  erosive  agency  of  the  simple 
drainage  system,  descending  radially  to  the  sea  from  the  central 
hill-range,  together  with  that  of  the  waves  which  surround  it,  is 
adequate  to  explain  all  the  contours  of  its  present  surface.  It 
must  indeed  frequently  during  its  history  have  been  reunited 
to  the  mainland  by  a  continuous  land  surface ;  but  at  such  times 
it  probably  still  retained  in  some  degree  its  characteristic  in- 
dividuaUty,  and  arose  above  the  surrounding  plain  as  a  hilly 
tract  with  a  self-contained  drainage,  although  its  streams  may 

*  "  Ancient  Volcanoes  of  Great  Britain,"  vol.  iL  p.  22. 

*  See  Rev.  J.  Cummin^s  "  Isle  of  Man,"  p.  239  ;  Rev  J.  ( Uifton  W«rd 
Geol  Mag.,  dec.  ii.,  vol.  vii.  (18S0),  p.  6. 
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2        '■'} '  General  Descbiption. 

then  have  been  tributary  to  a  larger  river-system  lyii^  beyond 
its  limits. 

The  sketch  map,  fig.  1,  will  serve  to  recall  the  position  of 
the  Island  as  regards  the  neighbouring  shores.  Its  northern- 
most point  is  16  miles  distant  from  the  nearest  headland  of  the 
Scottish  coast,  while  its  closest  approach  to  the  Cumberland 
shore  is  31  inilcs,  to  that,  oC  Ireland,  m  Co,  Down,  31  miles,  and 
to  the  Welsh  coast  near  Holyhead  45  miles.  The  same  map 
shows  roughly  the  contours  of  the  surroundmg  sea-bottom.      To 

Fig.  1.      Sketch  Map  and  SecAion  of  the  Irish  Sea  Basin, 
(Prof.  W.  A.  Herdman,  Repoi-t  Brit.  Aasvc.  1896.) 


the  eastward  of  the  Island  the  depth  is  nowhere  more  than  20 
tfttlioms ;  to  the  northward  it  rarely  reaches  30  fiithoms :  to  the 
H'iuthw!ird  it  usually  ranges  between  30  and  50  fathoms:  while 
lo  the  weslwai-d,  nndway  io  the  Irish  Coast,  there  is  a  Jong 
narrow  trough  descending  to  over  70  fathoms. 

As  at  present  constituted,  the  Islimd,  with  the  detached  islet  of 
TheCalfoff  its  south-westa.!!  extremity,  contains  227  so.  miles 
(145  325  acres),  of  which  170  sq.  miles,  or  three-fourths  of  the 
■whole,  are  occupied  by  the  slate  and  greywa«ke  rocks,  probably 
u  V*^""  *^'^'"^"^  *g»'  composing  the  hilly  massif.  Strata  of 
the  Lower  Cftrboniferous  e^  occur  in  a  sUiall  basin  of  7  or  8  sq. 
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miles  at  a  low  elevation  in  the  south  of  the  Island  ;  and  a  narrow 
strip  of  red  sandstone,  probably  belonging  to  the  same  period,  bor- 
ders the  coast  for  two  miles  about  midway  upon  the  western  side. 
The  northern  extremity  consists  of  a  low-lying  tract  of  about  45 
sq.  miles,  which  is  an  audition  made  to  the  Island  in  Glacial  times 
bv  the  deposition  of  great  masses  of  Glacial  Drift  upon  the  Pre- 
glacial  sea-floor.  Deep  borings  through  this  drift  nave  recently 
revealed  a  rock-floor  of  Triassic,  Permian  and  Lower  Carbon- 
iferous strata  at  a  considerable  depth  below  sea-level. 

The  Island  is  irregularly  oblong  in  shape,  with  its  longer  axis 
running  N.N.E.  to  S.S.W.,  which  is  the  direction  of  strike  of  the 
slate-rocks.  In  this  direction,  from  the  Point  of  Ayre  to  Spanish 
Head  the  land  has  a  length  of  30  miles,  while  the  breadth  of  its 
wider  central  portion  varies  from  8  to  12  miles.  Excepting  in 
the  well-cultivated  northern  plain,  there  is  little  flat  around.  In 
the  interior  the  physical  features  bear  much  resemblance  to  the 
Southern  Uplands  of  Scotland.  The  hills  are  steep,  but  not 
generally  craggy,  and  are  arranged  in  long  grassy  or  heather- 
covered  ridges  running  with  the  longer  axis  of  the  Island,  with 
broad  intervening  valleys.  The  highest  of  these  ridges  com- 
mences in  the  vicinity  of  the  eastern  coast  near  Kamsey,  and  is 
practically  continuous  to  the  south-western  coast  north  of  Port 
Erin,  but  is  broken  across  in  one  place  by  a  deep  transverse 
valley,  which  intersects  the  Island  between  Peel  and  Douglas. 
Nortn  Barrule,  with  an  altitude  of  1,840  feet,  forms  the  north- 
eastern extremity  of  this  ridge,  which  culminates  3^  miles 
ferther  south-westward  in  Snaerell,  the  highest  point  of  the  Island, 
with  an  elevation  of  2,034  feet,  while  Cronk  ny  Arrey  Lhaa,  over- 
hanging the  south-western  coast,  is  1,449  feet  in  height. 

Most  of  the  larger  streams  of  the  Island  rise  in  tne  vicinity  of 
Snaefell  and  fall  outward  in  diflerent  directions  to  the  sea,  the 
Sulby  River  and  Glen  Auldyn  water  draining  northward,  the 
Comah  and  the  Laxey  Rivers  eastward,  the  Glass  and  the 
Baldwin  south-eastwara,  and  the  Neb  south-westward.  The 
drainage  of  the  smaller  tract  south  of  the  transverse  valley  is 
radial  from  a  separate  centre  in  the  south- western  portion  of  the 
hill-chain,  whence  flow  the  Glen  Rushen  waters  north  and  north- 
westward, the  Foxdale  River  northward,  and  the  Santon,  the 
SUverbum,  and  the  Colby  southward.  Fuller  details  of  the 
physiography  are  given  in  the  small-typed  portion  of  this  chapter. 

The  Ordnance  one-inch  map  of  the  Island,  though  numbered 
in  the  New  Series  as  occupying  sheets  35,  45,  46,  56  and  57,  is 
published  at  present  only  in  a  single  sheet  (No.  100  of  the  Old 
Series). 

The  following  Table  of  Strata  shows  the  divisions  which  have 
been  adopted  for  the  one-inch  map  of  the  Geological  Survey, 
published  in  1898.  The  more  southerly  portion  of  the  northern 
drift-plain  may  possibly  be  underlain  by  rocks  intermediate 
in  age  between  the  Manx  Slate  Series  ( Upper  Cambrian  ? ) 
which  boimds  it  on  the  south,  and  the  Lower  Carboniferous  strata 
which  have  been  proved  in  the  borings  at  its  northern  margin. 
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4  General  Description. 

But  in  the  complete  lack  of  evidence  as  to  the  character  of  its 
rock-floor  in  the  intervening  tract,  and  in  view  also  of  the  absence 
of  intermediate  strata  where  the  base  of  the  Carboniferous  system  is 
seen  in  outcrop  in  the  south  of  the  Island,  it  would  have  been 
rash  to  introduce  into  the  map  any  divisions  not  yet  actually ' 
proved  to  exist  within  the  area.  Hence  the  conjectural  lines  by 
which  an  attempt  has  been  made  to  express  on  the  map  the 
solid  geology  of  the  buried  rock-floor  are  based  on  the  assump- 
tion that  no  other  formations  are  present  therein  than  those 
which  have  already  been  proved  to  exist. 
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Betahed  Desceiftioh  of  the  PHTSICAL 
featubes  of  the  island. 

The  Raised  Beach. 

Commencing  our  examination  at  the  northern  extremitjr  we  find  first  a 
1>arren  strip  of  shingle,  rising  from  10  to  15  feet  above  high- water  mark, 
c  ^verctl  in  places  with  low  dunes  of  drifting  sand.  This  tract  known  ah 
The  Avre,  has  a  width  in  its  eastern  portion,  at  the  Point  ot  Ayre,  of 
1  h  milas  •  but  narrows  gradually  westward,  until  on  the  opposite  side 
of  the  Island,  in  the  vicinity  of  the  Lhen.  about  6  miles  from  the  Point 
t>f  Ayre,  it  has  dwindled  to  a  mere  bank  like  a  single  stonu  beach. 
Throughout  the  gi-eater  part  of  its  extent  the  inner  margin  of  this  old 
hesLch  IS  sharply  defined  by  an  ancient  cliff  carved  out  of  the  drift  deposits, 
the  slope  of  which  in  many  places  is  nearly  as  steep  as  that  of  recent 
cliffs  of  the  same  material.  At  Blue  Point,  near  the  western  termination  of 
The  Ayre,  the  summit  of  this  old  cliff  is  about  100  feet  above  Ordnance 
datum.  The  prevalent  belief  of  the  countryside  (which  has  found  its  war 
into  the  topographical  literature  of  the  Island^  based  no  doubt  on  the  fresh 
aspect  of  the  bare  shingle-ridges,  is  that  Tne  Ayre  is  still  growing  by 
accretions  to  its  seaward  margin.  The  pi-esent  investigation,  however,  has 
shown  that  this  view  is  almost  certainly  erroneous.  Not  only  has  there 
been  no  addition  to  the  land  at  the  Point  of  Ayre  during  the  last  85  years 
(see  p.  417),  nor  in  any  part  of  the  tract  since  the  Ordnance  Survey  was 
made  30  years  ago,  but  also  in  some  places  there  are  clear  indications  that 
encroachments  Save  been  made  by  the  sea  upon  the  raised  beach  since  its 
accumulation,  the  old  shingle-ridges  near  the  Point  of  Ayre  being  broken 
off  abruptly  by  the  present  shore  and  the  recent  itorm-beacn  lying 
athwart  them. 

In  many  other  places  around  the  sea-margin  of  the  I.nland  less  conspicu- 
ous indications  of  the  same  raised  beach  are  found  Thus,  the  older 
portions  of  the  toi^Tis  of  Ramsey,  Laxey.  Dougli^s,  Castletown  and  Peel 
stand  on  a  corresponding  marine  terrace,  slightly  above  present  high- water 
mark  ;  and  elsewhere  the  innermost  recesses  of  the  bays,  inlets  and  caves 
with  which  the  rocky  coa.st-line  is  abundantly  indented  are  often  above  the 
reach  of  the  highest  waves  of  the  present  sea,  so  that  their  erosion  is 
arrested.  Even  the  outstanding  headlands  frequently  still  exhibit,  above 
high-water  mark^  the  notch  which  was  cut  into  them  during  the  same 
period  of  depression.  The  persistence  of  this  notch  is  a  striking  indication 
of  the  durability  of  the  slate-rocks,  as  well  as  of  the  comparative  recency  of 
the  re-elevation  of  the  land.  From  evidence  which  will  be  given  in  a  later 
chapter  (see  p.  403)  it  appears  probable  that  this  elevation  was  in  progress 
during  Neolithic  times. 

The  Drift  Plain  of  the  North. 

To  the  southward  of  the  Ayre  the  drift-plain  is  diversified  by  a  crescentic 
chain  of  mounds  composed  of  glacial  deposits,  known  as  the  Bride  Hills, 
which  in  their  higher  eastern  portion  attain  from  200  to  300  feet  above 
sea-level,  or  about  150  feet  above  the  general  level  of  the  plain.  The 
western  horn  of  the  crescent,  broken  across  by  two  vnde  drainage  hollows, 
is  traceable  southward  until  it  abuts  upon  the  solid  massS  of  the  Island 
to  the  westward  of  Ballau^h.  The  eastern  horn  was  probably  once  similarly 
continuous  up  to  the  hills  in  the  vicinity  of  Ramsey,  but  has  been 
partially  destroyed  by  the  encroachment  of  the  sea,  which  eats  with  ^eat 
rapidity  imo  the  incoherent  drift-material  of  the  mounds.  Th'i  origin  of 
these  mounds  will  be  discussed  in  the  later  chapter  dealing  with  the 
Glacial  Deposits.  On  the  inner  or  concave  side  of  the  crescent  th« 
ground  falls  away  to  lower  levels  in  a  series  of  sloping  platforms  with 
terrace-like  edges,  until  the  boggy  depression  of  the  Ourragh  is  reached, 
which  lies  immediately  beneath  the  bold  slopes  in  which  the  solid  massif 
terminates  northward 
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The  Cnnt^hs. 

.Vrtificial  di-aina^e  has  rendered  the  greater  part  of  this  hollow  cul- 
tivable, but  it  still  contains  some  patches  of  hog  and  moist  meadow- 
land  which  are  sometimes  flooded.  Old  records  and  maj)s*  prove  the 
existence  of  small  bodies  of  fresh  water  in  this  area  within  historic 
times.  In  its  earliest  stages,  about  the  close  of  the  Glacial  Period,  the 
whole  depression  was  probably  filled  by  one  continuous  lake,  fed  by  the 
streams  aeacending  from  the  hills ;  but  somewhat  later  the  water-level  was 
lowered  by  the  erosion  of  draina^-channels  through  the  drift-barrier,  and 
at  least  three  separate  basins  at  different  levels  were  then  revealed^  falling 
towards  the  east,  and  more  or  less  separated  from  each  other  by  ndges  of 
dry  land.  Hence  we  find  that  the  neight  of  the  present  surface  of  the 
most  westerly  portion  of  the  Curragh,  between  Sulby  and  Ballaugh  and  to 
the  north-eastward  of  Sulby,  is  from  36  to  40  feet,  while  that  of  the  eastern 
jiortion,  in  the  parish  of  Lezayre,  is  not  more  than  from  18  to  25  feet, 
above  ordnance  datum.  The  presence  of  large  trees  embedded  in  the  peat 
of  the  Curragh  in  several  localities  (see  p.  439)  affords  further  proof  that  the 
area  has  not  oeen  continuously  flooaed. 

The  high  rim  of  drift  around  this  depression  caused  the  Post -Glacial 
(h'ainage  of  the  greater  part  of  the  nortnern  plain  to  flow  inland  to  the 
hollow,  and  the  waters  escaping  thence  to  the  sea  have  cut  the  above- 
mentioned  gaps  in  the  bamer.  From  the  rapidity  with  which  the  drift- 
material  could  be  eroded,  some  curious  changes  and  reversals  of  drainage 
have  been  brought  about  in  this  area  in  Post-Glacial  times.  These  will 
receive  consideration  on  a  later  page.  In  many  respects  the  district 
resembles  the  Holdemess  plain  in  East  Yorkshire,  which  is  similarly 
built  up  of  diift-(le|K>sits  piled  ui>ou  a  Pre-Glacial  sea-floor. 


The  Northern  Hills. 

The  northern  termination  of  the  solid  massif  of  the  Island  has  evidently 
once  formed  a  coast-line.  The  range  of  bold  rocky  bluft's  overlooking  the 
drift-plain,  broken  only  by  the  emlxiymeuts  at  the  mouths  of  the  mountain 
valleys,  bears  all  the  characteristics  of  an  old  sea-margin ;  and  though  in 
places  degraded,  its  upper  slopes  are  frequently  as  steep  as  the  slojies  over- 
looking the  cliffs  of  the  present  coast.  The  bluffs  truncate  the  strike  of 
all  the  component  members  of  the  Manx  Slate  Series,  and  do  not  coincide 
with  any  known  structural  feature  of  the  rocks.  In  short,  their  whole 
aspect  suggests  a  cliff-line,  rising  above  the  platform  of  marine  erosion 
now  buri^  beneath  the  Glacial  and  Alluvial  deiJosits  of  the  i)lain. 

This  likeness  to  a  coast  is  recognised  in  the  Manx  place-names,  the  more 
prominent  bluffs,  like  the  headlands  of  the  exL>ting  sea,-margin,  being 
known  as  Gobs,  thus— Gob  y  Volley,  etc.  The  feature  is  well  express^ 
by  the  shading  on  the  Oi*dnance  one-inch  Man,  while  on  the  Geological 
Map  it  is  further  accentuated  by  the  ending  off  of  the  superficial  deposits 
at  the  foot  of  the  slope. 

The  upland  ridges  of  which  these  bluffs  are  the  termination  attain  an 
altitude  of  about  800  feet  above  sea-level^  and  are  continued  backward  at 
this  elevation  into  the  high  moorlands  which  form  the  northern  portion  of 
the  massif  of  the  Island.  From  their  flatness  and  coincidence  in  altitude, 
those  ridgi^s  appear  to  be  the  remnants  of  an  ancient  peneplain  out  ot 
which  the  existing  valley  system  has  been  carved  ;  and  the  higher  summits 
of  the  m.assif ,  which  rise  above  them,  appear  to  be  the  relics  left  from  the 
destruction  of  a  still  older  upland.  The  same  800-feet  plateau  seems  idso 
to  have  existed  in  the  more  southerly  portion  of  the  massif,  though  now 
almost  obliterated.  At  any  rate,  in  almost  every  part  of  the  upland  tract 
the  surface-features  of  two  distinct  epochs  of  erosion  may  be  recognised. 
During  the  earlier  of  these,  the  broad  smooth  outlines  of  the  more  elevated 

*  See  C'umniing's  "Isle  of  Man,"  p.  216  et  seq.,  &  pi.  iv.,  reproducing  a 
map  of  1595. 
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areas,  with  their  wide  but  shallow  drainage  basins,  were  shaped  out ;  while 
in  the  later,  the  excavating  power  of  the  streams  was  greatly  increased, 
ao  that  deep,  steep-sided  trenches  were  notched  out  in  the  lower  portions  of 
the  old  basins,  and  the  gradients  of  the  tributary  brooks  thereoy  sharply 
raised.  As  to  the  geological  age  of  the  earlier  of  these  epochs  it  is  not 
possible  to  speak  with  certainty ;  but  from  the  manner  in  which  the  latest 
basaltic  dykes  of  the  Island,  supposed  to  be  of  Mid-Tertiary  age,  are  planed 
down  along  with  the  country-rocK,  a  later  Tertiary  date  seems  to  be  indi- 
cated, at  any  rate  for  its  final  stages.  The  succeeding  euojch  of  rapid 
denudation  may  be  fixed  with  more  confidence  at  the  i)eriod  immediately 
preceding  the  oncoming  of  Glacial  conditions.  The  earliest  drifts  of  the 
area  have  found  lodgment  within  the  trench-valleys,  while  from  the  sharp- 
ness of  the  contours,  the  interval  between  the  erosion  of  the  valleys  and  the 
deposition  of  the  drift  within  them  must  have  been  comparatively  short. 

The  Drainage  of  the  Northern  Hills. 

Unlike  the  conditions  on  the  northern  plain,  the  drainage  system  of  the 
hills  has  been  scarcely  at  all  modified  by  tne  Glacial  Period.  All  the  main 
valleys,  and  most  of  their  branches,  were  already  in  existence  in  Pre-Glacial 
times  ;  and  though  they  must  have  been  temporarily  obliterated  by  the  ice- 
sheet  under  whicn  the  Island  was  buried  during  the  period  of  maximum 
glaciation  and  were  in  many  casBs  made  the  receptacles  of  glacial  deposits 
of  considerable  thickness,  their  general  CTadients  were  not  materially  affected. 
Hence  upon  the  disappearance  of  the  ice,  the  streams  resumed  their 
previous  courses  and  cut  rapidly  through  the  incoherent  glacial  detritus  to 
the  old  rocky  floor,  leaving  only  terraces  of  drift  in  places  to  show  the 
original  extent  of  the  infilling.  There  are,  indeed,  in  a  few  localities  rocky 
gullies  within  the  main  valleys  where  the  Post-Glacial  stream  has  tempor- 
arily lost  its  way  in  re-excavating  its  old  channel,  but  these  have  not  per- 
manently affected  the  drainage.  There  are  also  a  few  channels  cut  into  the 
slopes  of  the  hills  in  places  where  there  ls  little  or  no  natural  drainage 
unaer  present  conditions.  These,  as  will  be  shown  in  a  subset|uent  chapter, 
were  probablv  excavated  by  streams  flowing  princii>ally  within  or  upon  the 
ice-sheet,  and  are  independent  of  the  land  drainage,  either  of  Pre-Glacial  or 
of  Poet-Glacial  times. 

In  the  northern  part  of  the  massif,  as  previously  mentioned,  the  chief 
watershed  is  formed  by  the  long  ridge  which  culminates  in  Snaefell.  The 
Sulby  River,  the  largest  stream  of  the  Island,  flows  northward  from  the 
north-western  slopes  until  it  reaches  the  foot  of  the  hills,  where,  in  Pre- 
Glacial  times,  before  the  northern  plain  was  in  existence,  it  no  doubt 
discharged  directly  into  the  sea.  Upon  the  recession  of  the  great  ice-sheet, 
it  seems  to  have  poured  for  some  time  into  tlie  western  Curragh,  and  thence 
through  the  Uien,  a  broad  valley  excavated  through  the  drift-mounds 
(see  p.  435),  to  the  sea  at  the  north-western  angle  of  the  Ivsland.  But  at 
a  later  date  it  diminished  in  volume  until  no  longer  able  to  surmount  its 
own  flood-gravels,  and  by  these  has  been  deflected  into  its  present  easterly 
course  under  the  range  of  bluffs.  Here  it  is  joined  by  the  originally  in- 
de])endent  Glen  Auldyn  stream  which  flows  northward  from  the  more 
easterly  i>art  of  the  hills ;  and  the  combined  waters  now  find  their  outlet 
on  the  east  eoast  at  Ramsey. 

The  opposite  or  south-eastern  flank  of  the  ridge  is  drained  by  the 
Comah  and  Laxey  rivers,  which  flow  in  deep  Pre-Glacial  glens,  diverging 
respectively  north-eastward  and  south-eastward,  to  the  eastern  coast. 
Before  reaching  the  sea  the  Comah  stream  turns  sharply  southward,  and 
runs  in  a  deep  rocky  glen  of  newer  aspect  than  the  upi)er  portion  of  its 
vidley,  possibly  indicating  its  "  capture, '  during  the  Pre-Glacial  elevation, 
by  a  small  stream  draining  southward,  with  a  very  steep  gradient,  to  the 
coast. 

In  the  neighbourhood  of  Maughold  Head  we  find  a  short  segment, 
about  Ij  niile  in  lent^,  of  a  broad  Pre-Glacial  hollow,  truncated  by  the 
present  coastline  at  Port  e  Myllin  on  the  north  and  at  Port  Mooar  on  thj 
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nouth,  indicatdng  that  an  old  drainage  system  has  here  been  broken  up  by 
the  encroachment  of  the  sea. 

The  southern  prolongation  of  the  Snaefell  ridge  forms  the  gathering 
ground  for  the  Glass  and  the  Baldwin,  which  run  southward  in  parallel 
valleys  for  4  miles,  and  then  uniting  sweive  south-eastward  to  their  junction 
with  the  Dhoo  in  the  central  valley  of  the  Island  a  mile  to  the  westward  of 
Douglas. 

In  the  south-western  continuation  of  the  ridge  towards  the  central  valley 
the  chief  summits  south  of  Snaefell  are  Beinn  y  Phott  (Pen-y-Pot),  1,772  ft.; 
(iarraghan,about  1,600ft.;  Golden.  1,599  f t.;SlieauRuy,  1,570  ft.,  and  Greelja 
1,.383  feet.  The  small  streams  flowing  westward  from  Golden  and  Slieau 
Ruy  unite  to  form  the  River  Neb,  which  goes  southward  to  the  central 
valley  at  St.  John's,  and  then  westward  and  finally  northward  to  the  sea 
at  Peel. 

The  north-western  flank  of  the  massif  is  occupied  by  an  outer  hilly  ridge, 
j)arallel  to  but  divided  from  the  Snaefell  chain  by  the  broad  basin  of 
the  Sulby  River,  having  for  its  chief  eminences  Sheau  Cum,  1,153  ft, 
Slieau Freoaghane,  1,602  ft. ;  and  Sartfell,  1,560  ft.*  The  northern  end  of  this 
ridge  is  cleft  by  Glen  Dhoo,  the  short  deep  valley  of  a  small  stream  which 
flows  northward  through  the  village  of  Ballaugh  and  the  western  edge  of 
the  Curragh.  There  is  also  a  broad  shallow  depression  on  its  western 
flank,  contmuing  south  of  Kirk  Michael  for  over  three  miles,  which  may 
possioly  mark  a  once  continuous  line  of  drainage  belonging  to  the  older 
epoch  of  erosion,  though  its  waters  are  now  carried  off  by  three  separate 
streams^  the  most  northerly  flowing  north  and  north-west  to  the  sea  at 
Kirk  Michael  through  (tlen  Wyllin,  the  second  i-unning  a  parallel  course  to 
the  sea  at  Glen  Mooar  (Michael),  while  the  third  goes  southward  to  join 
the  Neb  below  Glen  Helen.  The  student  of  physiographical  evolution 
will  find  in  this  p<)rtion  of  the  Island  some  other  features  of  peculiar 
interest,  which  will  be  discussed  in  the  chapter  on  Glacial  geology 
(see  p.  363). 

The  Central  Valley. 

The  deep  central  valley  which  runs  across  the  Island  from  Peel  to 
Douglas,  since  it  affords  an  easy  route  bisecting  the  massif  and  separating 
the  nortnem  from  the  southern  hills,  has  been  noticed  by  all  writers  on  the 
physical  features  of  the  country,  and  deserves  our  careful  study.  The  first 
impression  one  receives  uix)n  examining  it  is  that  it  is  an  antecedent 
feature,  of  high  antiquity  and  independent  of  the  general  drainage 
system  of  the  Island,  due  to  conditions  which  may  have  prevailed  at  some 
period  when  the  district  has  formed  part  of  a  larger  land  area.  But  this 
impression  is  dispelled  by  closer  investigation,  which  reveals  the  proba- 
bility that  the  gap  has  been  cau^<ed  by  the  breaking  down  of  a  ridge 
between  two  overlapping  streams  running  respectively  east  and  west  from 
the  central  s^ia.^  Ihe  head  of  the  ravine  draining  eastward  is  still  intact 
at  CooillingiJd  on  the  southern  side  of  the  valley  west  of  Crosby  ;  and  the 
westward  stream  has  probably  had  its  source  on  the  opposite  side  of  the 
depression,  in  the  coomb-like  hollows  on  the  eastern  flank  of  Greeba  moun- 
tain, and  has  flowed  round  the  southern  end  of  that  mountain,  held  in  on 
the  eastern  side  by  a  low  ridge,  since  broken  away,  separating  it  from  the 
former  stream.  Hence  we  may  regard  the  gaj)  which  breaks  the  central 
ridge  of  the  Island  between  Greeba  and  the  craggy  hill  facing  it  on  the 
south  as  principally  the  work  of  a  westward-flowing  stream  now  abolished. 
At  present  the  main  watershed  of  the  Island  lies  about  a  mile  to  the 
westward  of  this  gap,  in  the  bogey  bottom  of  the  valley  barely  160  feet 
above  sea  level :  but  this  is  clearly  a  case  of  captured  drainage  through 
the  shifting  back  of  the  head- waters  of  the  east-flowing  stream.      Close  to 

'  Anproximate  only:  height  not  stated  on  Ordnance  map. 

^  "We  find  that  this  explanation  has  been  previously  huggested.  in  a  single 
sentence  in  a  paper  bv  Mr.  J.  White ;  "Remarks  on  the  Geology  of  the 
Jslo  of  Man."    Trans.  Qeol  Soc.  of  Glasgow,  vol.  vii.  (1682),  p.  84. 
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this  watershed  two  small  streams  discharge  from  the  hills  into  the  central 
valley  from  opposite  sides — the  Greeba  River  on  the  north  and  the 
Ballacurey  or  Glen  Darragh  stream  on  the  south ;  and  in  Pre-Glacial 
times  these  have  both  been  branches  of  the  westerly  drainage-system. 
But  at  the  pre<ient  day,  while  the  second  stream  still  goes  westward  to 
Peel,  the  fir?t  turns  eastward  through  the  Greeba  Gap  and,  joining  the 
Cooillingill  water,  flows  to  the  sea  at  Douglas.  Their  present  channels  in 
the  valley  near  the  watershed  are,  it  is  true,  to  some  extent  artificial ;  but 
the  main  cause  for  their  divergence  in  opposite  directions  is  the  position  of 
the  fans  of  liood-pravel  which  the  swollen  streams  have  spread  out  at 
their  debouchure  into  the  central  valley  in  Late-Glacial  or  Post-Glacial 
times.  Each  diminished  brook  now  turns  aside  from  its  former  gravelly 
fan  and  continues  alon^  the  trunk  valley  at  right  angles  to  its  previous 
direction ;  and  the  accident  therefore  which  has  sent  them  in  opposite 
directions  to  the  sea  is  a  slight  difference  of  trend  before  leaving  the  hills, 
which  has  determined  the  situation  of  the  bar  at  their  mouths. 

The  central  valley  has,  no  doubt,  been  modified  considerably  during  the 
Glacial  Period,  and  especially  during  the  closing  stages,  when  it  seems  to 
have  been  occupied  by  temjjorary  boidies  of  fresh  water  hemmed  in  by  the 
waning  ice-sheet ;  but  that  it  was  mainl}r  excavated,  in  the  manner  above- 
deflcribed,  previous  to  the  Glacial  Period  is  shown  by  its  general  characters. 
From  both  sides  of  the  Island  it  narrows  towards  the  centre,  and  has  the 
s^inuous  course  characteristic  of  fluviatile  action.  So  far  as  can  be  observed, 
it  cuts  across  the  Slate  Series  without  reference  to  their  structure,  like  the 
other  transverse  streams  of  the  Island.  Its  present  floor  rises  gradually 
from  sea-level  at  Peel  and  at  Douglas  to  about  160  feet  above  sea-level  at 
Qreeba  ;  and  though  the  rock-floor  is  buried  beneath  drift  and  alluvium 
throughout  its  course,  the  general  asi^ct  of  the  rock-slopes  of  the  valley 
suggests  that  the  gradient  of  this  floor  corresponds  in  the  main  to  that 
of  the  infilling  material.  Its  erosion  may  indeed  have  been  facilitated  in 
one  portion  of  its  course  westward  of  Greeba  by  certain  peculiarities  of 
rock-structure  to  be  described  in  a  later  chapter  (p.  52),  which  have  tended 
to  produce  a  somewhat  more  rapid  weathenng  of  the  slates  and  therefore 
a  general  lowering  of  the  surface  ;  and  its  westerly  termination  nearly 
coincides  with  the  faulted  western  margin  of  the  Peel  Sandstone ;  but, 
considered  as  a  whole,  in  spite  of  its  unique  character  among  the  valleys 
of  the  Island,  we  conclude  that  it  may  be  explained  as  a  combination  of 
two  simple  valleys  of  erosion  essentially  similar  in  origin  to  the  other 
valleys  of  the  country. 

The  Southern  Hills. 

On  the  southern  side  of  the  great  valley  both  the  central  and  western 
hill-chains  are  continued,  though  of  less  elevation  than  in  the  northern 
area.  Slieau  Whuallian,  1,054  ft.,  and  Dal  by  Mountain,  about  950  ft.,  are  the 
chief  eminences  of  the  western  ridge,  and  South  Barrule,  1585  feet,  of  the 
central ;  and  the  two  converge  southward  and  unite  in  Cronk  ny  Arrey 
Lhaa,  1,449  feet,  immediately  overlooking  the  western  coast.  To  the  east- 
ward, lower  hills  extend  to  the  coast-line  in  the  district  occupied  by  the 
Manx  Slate^  but  towards  the  south  the  ground  falls  away  into  a  drift 
covered  lowland  country  of  limited  extent,  which  is  underlain  by  the 
Carboniferous  rocks.  Southward  from  Cronk  ny  Arrey  Lhaa,  lower  hills  of 
slate  form  the  western  margin  of  this  Carboniferous  basin,  and  are 
prolonged  into  the  Calf  of  Man.  This  islet  is  a  little  less  than  one  square 
mile  in  extent,  and  its  highest  point  is  421  feet  above  sea-level. 

Excepting  in  the  ground  to  tne  westward  of  the  ridge  of  South  Barrule, 
the  drainage  of  this  area  flows  southward  or  south-eastward  to  the  coast, 
in  brooks  of  which  the  chief  are  the  Santon  River,  the  Silverbum,  ana 
the  Colby  River.  These  streams  run  for  the  most  part  in  shallow  open 
valleys,  and  not  in  dee{>-walled  glens  like  the  majority  of  the  Manx  moun- 
tain streams.  Their  courses  often  present  examples  of  local  modification 
from  the  effect  of  the  Glacial  deposits  with  whicli  the  valleys  are  partly 
choked  (see  pp.  4G8-70). 
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The  drainage  of  the  depression  between  the  South  Barrule  ridge  and  thd 
Slieau  Whuallian  and  Dalby  Mtn.  ridge  is  somewhat  curious.  Its  higher 
southern  portion,  where  the  ridges  unite,  forms  the  gathering  ground  tor  a 
small  river  which  flows  north-north-eastward  along  it  for  two  miles,  occupy- 
ing an  inner  hollow  known  as  Glen  Rushen.  The  stream  then  turns  sharply 
at  right  angles  to  its  former  course,  and  goes  west-north-westward,  cuttips 
through  the  Slieau  Whuallian  range  in  Glen  Mooar,  a  deep  Pre-glaciiu 
valley  about  a  mile  in  length,  and  thence  passes  westward  into  Glen  Meay, 
a  smaller  Post-glacial  ravine,  by  which  it  reaches  the  western  coast  nearly 
3  miles  south  of  Peel.  Between  Glen  Mooar  and  Glen  Meay  the  stream 
captures  a  tributarv  from  the  south  which  seems  once  to  have  flowed  north- 
ward to  the  Neb  through  a  valley  now  dry,  along  which  the  high  road  goes 
from  Dalby  to  Peel.* 

The  depression  of  which  Glen  Rushen  forms  the  southern  part  is 
prolonged  north-eastward  from  the  point  where  the  Glen  Rushen  stream 
escapes  from  it,  a  low  watershed  dividing  its  drainage  between  Glen 
Rusnen  and  Foxdale.  In  this  case  the  Foxdale  diainage  appears  to  be 
encroaching  upon  that  of  Glen  Rushen.  Foxdale  is  a  deep  Pre-glacial 
valley  which  carries  the  waters  from  the  north-eastern  slopes  of  South 
Barrule  northward  to  the  Neb  at  St.  Johns.  That  it  is  an  aggressive 
stream  and  is  appropriating  the  drainage  of  its  neighbours  is  further  shown 
at  its  head,  where  its  two  branches  have  trenched  respectively  upon  the 
sources  of  the  Santon  River  and  the  Awin  Ruy,  a  tributary  of  the 
Silverburn ;  and  it  has  moreover  been  artificially  assisted  in  capturing 
drainage  by  a  sluice  which  has  been  cut  on  the  southern  slope  of  South 
Barrule  to  bring  more  water  to  the  reservoirs  of  the  Foxdale  Mmes. 

The  aggressiveness  of  this  stream  probably  dates  back  to  the  elevation 
of  the  land  in  Pre-glacial  times,  its  shorter  cour.se  and  consequently  steeper 
gradient  then  giving  it  the  advantage  over  its  longer  and  more  leisurely 
rivals.  Other  cases  of  the  same  kind  may  be  studied  in  the  central  district 
north  of  the  main  valley,  and  the  above  descriptions  may  serve  as  generally 
typical  for  the  stream-development  of  the  billy  part  of  the  Island. 

Present  inactivity  of  the  Manx  Streams. 

There  is  clear  evidence  in  every  part  of  the  Island  that  the 
volume  of  the  streams  has  greatly  diminished  during  compara- 
tively recent  times,  and  that  their  present  condition  is  one  of 
relative  inactivity  as  regards  their  erosive  power. 

The  trenches  cut  into  the  drift  deposits  at  the  heads  of  the 
brooks,  both  in  the  mountains  and  on  the  lowland,  are  now 
usually  dry  and  overgrown  with  grass,  or  are  even  becoming 
refilled  with  peaty  growth,  while  lower  down  the  valleys  the 
stream-channels  are  often  choked  with  coarse  detritus  beyond 
the  power  of  the  present  waters  to  remove.  The  relative 
weakness  of  the  existing  Manx  streams  is  also  noticeable  when 
they  are  compared  with  those  of  other  areas  of  similar  physical 
character,  as,  for  example,  with  those  of  some  parts  of  the 
English  Lake  District  where  the  drainage,  though  shnmken 
from  its  former  volume,  is  still  doing  vigorous  erosive  work. 

These  facts  no  doubt  indicate  changes  of  climate  by  which 
there  has  been  a  diminished  and  more  evenly  distributed  rain- 
fall, and  less  snow  in  the  winter 

The  total  annual  precipitation  for  the  last  twenty  years  varies 


^  Reference  to  the  hill-shaded  one-inch  map  will  serve  at  a  glance  to  eluci- 
date this  description,  and  also  the  previous  account  of  the  central  valley. 
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from  about  60  inches  in  the  hills,  to  25  to  30  inches  on 
the  plain,^  which  is  less  than  the  island  might  seem  to  claim 
from  its  geographical  position  and  average  altitude. 

The  force  of  the  streams  would  probably  be  materially 
increased  by  a  comparatively  small  additional  rainfall,  since  the 
retentive  power  of  the  soil  and  vegetation  on  the  valley  slopes, 
though  very  effective  up  to  a  certain  point,  is  lost  when  the 
saturation  limit  is  reached ;  so  that  any  excess  of  rainfall  above 
tlie  quantity  requisite  to  produce  this  condition  is  shed  at  once 
into  the  streams  and  tends  to  produce  powerful  floods.  But 
when,  as  at  present  in  the  Isle  of  Man,  the  precipitation  is 
f  lirly  evenly  distributed  throughout  the  year,  and  rarely  sufii- 
<nently  rapid  to  produce  saturation,  the  water  reaches  the 
drainage  cnannels  so  gradually  that  the  streams,  though  con- 
stant, are  persistently  feeble.  The  great  fans  of  flood-gravel 
which  often  mark  the  issue  of  the  Manx  hill-streams  upon  the 
plain  betoken  past  conditions  very  difierent  from  those  which 
now  obtain  (see  p.  371). 

The  Coast-line. 

Not  only  from  its  extent  but  also  from  its  wide  diversity  of  character, 
the  coast  line  Ls,  as  might  be  anticipated,  of  extreme  interest  to  the  i)hysio- 
graiihical  student.  The  low  Ayre  beach  along  its  northern  margin  has 
alreeuly  been  described.  To  the  southward,  fringing  the  drift-plain,  are 
high  cliffs  comiKwed  entirely  of  Glacial  clay,  sand  and  gi-avel,  which  crumble 
rapidly  beneath  the  attack  of  the  waves.  So  rapid  is  the  encroachment  of 
the  sea  u|K>n  these  cliffs  that  the  annual  recession  of  the  land  in  some 
])arts  of  the  mrishes  of  Jurby  and  Michael,  on  the  western  coast,  reaches 
an  average  of  4  feet  (see  p.  13).  Where  boulder  clay  enters  largely  into 
their  composition  thase  cliffs  are  occasionally  precipitous;  but  more  fre- 
quently they  present  long  tilus  slopes,  fi-om  the  falling  away  of  the  loose 
stratified  material  which  is  generally  their  chief  ingredient.  On  the  eastern 
coast  they  stretch  southw^ard  from  the  Ayre  for  6  miles,  usually  between  50 
and  90  feet  in  height  but  rising  to  over  200  feet  at  Point  Cranstal  where 
they  intersect  the  Bride  Hills.    On  the  western  side  of  the  Island  they 

*  Mr.  A.  W.  Moore,  Speaker  of  the  House  of  Keys,  to  w^hom  our  know- 
ledge of  the  meteorology  of  the  Island  is  principally  due,  gives  the 
following  observed  averages  of  rainfall  for  the  twenty  years  1878-1897  : — 

Point  of  Ayre 24*6  inches. 

Cronkbourne  (near  Douglas)  -        -        -        41*1      „ 
Calf  of  Man 24*6      „ 

He  has  also  kindly  furnished  me  with  the  following  fibres  calculated 
for  the  same  period  at  other  localities  where  observations  have  been 
carried  on  for  less  than  this  time  : — 

Period  of 
of}servation. 
Druidale     -        -        -    2  years. 
PopI  -        -        -    5     „ 

St.  Marks   -        -        -    6     „ 


Ballasalla   -        -        -    7 


» 


Port  Erin  -  -  -  3  „ 
Andreas  Rectory  -  6  „ 
Langness    -        -        -  10     „ 

See  also  Mr.  Moore's  **  Climate  of  the  Isle  of  Man."    (Douglas,  Brown 
and  Son.     1889.) 


Acttutl    Calculated  mean 

fall,         for  20  yean. 

611 

60-6 

35*5 

381 

35*5 

39*5 

30*3 

^7*5 

red  a  spot.") 

31*7 

33* 

32*4 

351 

26*9 

261 
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•xtend  for  eight  miles,  with  an  average  altitude  of  about  80  feet,  the  solid 
rocks  making  their  first  appearance  in  the  cliff  1 J  miles  to  the  southward  of 
Kirk  Michael. 

The  tidal  flat  beneath  these  cliffs  is  everywhere  broad  and  sand^,  dotted 
here  and  there  with  large  boulders  derived  from  the  wasting  drifts ;  and 
where  the  beach-material  is  locally  strip|)ed  away  by  storms,  a  floor  of  red 
boulder-clay  or  pebbly  loam  is  exposed. 

The  graceful  contours  and  cheerful  colouring  of  these  cliffs  render  the 
natural  scenery  of  this  part  of  the  coast  very  pleasing  ;  while  to  the  student 
of  glacial  geology  these  fine  sections,  by  reason  of  their  fossil  contents  as 
well  as  their  exceptional  height  and  extent,  are  of  unusual  interest. 

To  the  southward  of  Ramsey  on  the  east  coast,  and  of  Ballacamane  on 
the  west,  though  the  drifts  still  often  form  a  thick  capping  to  the  solid 
rocks,  the  rugged  dark-hued  Manx  Slates  are  the  dominant  factors  of  the 
scene. 

These  occur  in  jagged  cliffs,  whose  outline  varies  according  to  the 
relation  of  the  coast-line  to  the  direction  of  dip  of  the  slates.  As  the 
general  strike  of  the  strata  is  roughly  i)arallel  to  the  trend  of  the  shores, 
and  as  the  dominant  structural  diy>s  are  at  high  angles  outward  from  an 
anticlinal  axis  in  the  interior  toward  the  coasts,  there  is  a  prevalence 
of  dip-slopes  in  the  cliffs  on  both  sides  of  the  Island,  which  is,  however, 
constantly  interrupted  by  the  coastal  irregularities.  The  stratiKraphical 
axis  of  tne  Slates  is  intercepted  by  the  sea  in  the  vicinity  of  Maughold 
Head  in  the  north-east,  and  of  Bradda  Head  in  the  south-west ;  and  in  the 
neighbourhood  of  these  places  the  cliffs  are  characterized  by  rapid  changes 
of  lithological  character,  the  various  divisions  of  grit,  greywacke  and  slate, 
which  go  to  make  up  the  Manx  Slate  Series,  being  contorted  together  and 
l)resented  in  swift  succession  ;  but  in  the  middle  portion  of  the  Island 
the  shores  run  princijially  amid  the  flaggy  greywacke  divisions — the  Lonan 
Flags  on  the  east,  and  the  Niarbyl  Flags  on  the  west — so  that  the 
prevalent  rocks  of  the  cliff-sections  are  these  alternately  thick -bedded  and 
thin-bedded  gritty  or  slaty  flags. 

From  the  hilly  character  of  the  ground  out  of  which  they  are  carved,  the 
cliffs  vary  greatly  in  altitude.  They  are  not  often  precipitous  from  base  to 
crestj  their  profile  in  most  places  exhibiting  a  long  steep  upi)er  slope 
terminating  in  a  shorter  more  nearly  vertical  wall  below.  The  long  slope 
appears  to  represent  the  degraded  remains  of  the  Pre-glacial  coastal  feature, 
while  the  shorter  precipice  at  its  foot  marks  the  re-advance  of  the  sea  since 
Glacial  times. 

On  the  eastern  side  of  the  island,  the  boldest  and  most  picturesque 
portions  of  the  coast  are  Maughold  Head,  about  250  feet ;  Bulgham  Bay,  600 
teet ;  Clay  Head,  300  feet ;  Douglas  Head,  300  to  400  feet ;  and  Spwiish 
Head  about  400  ft.  in  height.  The  Calf  is  surrounded  by  steep  clins,  and 
except  in  very  calm  weather  there  are  only  two  places  where  it  is  possible 
to  effect  a  landing  upon  it.  The  Chickens  Rock,  on  which  stands  a  fine 
lighthouse,  is  an  insulated  low-water  reef,  composed  of  the  Manx  Slates 
(see  p.  173),  lying  off  three-quarters  of  a  mile  to  the  south-westward  of  the 
extremity  of  the  Calf. 

Where  the  Carboniferous  rocks  of  the  southern  area  occupy  the  coast,  the 
shore  is  broad  and  shelving  and  the  cliffs  low  ;  and  there  is  an  absence  of 
the  jagged  outlines  which  chai-acterize  the  sea-margins  of  the  older  forma- 
tion. 

On  the  western  side  of  the  Island,  the  cliffs  in  the  slaty  rocks  to  the 
•outhward  of  Kirk  Michael  are  commratively  low,  but  full  of  picturesque 
detail  from  their  irregular  erosion.  These  extend  southward  for  2i  miles, 
and  a  fault  then  suddenly  brings  in  the  Peel  Sandstones  whose  steep 
dip-slopes  form  a  more  regular  sea-margin  for  the  next  two  miles,  up  to  the 
town  of  Peel.  At  Peel  the  slates  reapixjar  and  are  continuous  thence 
throughout  the  western  coast,  fonning  bold  cliffs,  with  scarcely  any  drift- 
capping  excepting  in  the  low  tract  between  Glen  Meay  and  Dalby  and  in 
the  coves  of  P  leshwick  and  Port  Erin.  Near  Contrary  Head  the  ^pund 
neighbouring  the  coast  rises  to  500  feet ;  while  to  the  southward  of  Dalby, 
where  the  cliff-line  intercepts  the  principal  hilly  axis,  it  presents  a  mag- 
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nificent  series  of  rudely  terraced  precipices  plunging  from  the  summit  of 
Cronk  ny  Arrey  Lhaa,  1449  feet  above  Ordnance  datum,  down  to  the  sea- 
Thence  to  Brsulda  Head,  a  distance  of  4  miles,  the  grandest  cliff-scenery 
of  the  Manx  coast  is  traversed,  the  crest  of  the  declivity  never  sinking 
below  about  650  feet  except  in  the  lovely  recess  of  Fleshwick.  The  ground 
also  falls  away  rapidly  inland,  so  that  the  views  from  the  summit  over  land 
and  sea  are  delightful,  including  in  clear  weather,  down  on  the  western 
horizon,  a  long  stretch  of  the  north-eastern  coast  of  Ireland,  with  th* 
Moume  Mountains  in  the  background. 

Coast  Erosion. 

The  following  notes  were  drawn  up  by  the  writer  in  1897,  at  the  request 
of  the  late  Deemster  Gill,  to  be  laid  before  a  Committee  appointed  by  th* 
House  of  Keys  to  inquire  into  the  coast  erosion  of  the  Island  : — 

"  It  was  found  dunng  the  course  of  the  survey  that  the  greatest  loss  had 
taken  place  in  the  parish  of  Jurbv,  where  in  some  instances  a  span  of  60 
yards  had  disappeared  since  the  Ordnance  Map  was  made,  28  years  before. 
Near  Orrisdale  the  loss  in  the  same  period  had  been  from  20  to  30  yards,, 
and  it  had  been  about  the  same  near  Kirk  Michael.  Northward  from  Sart- 
field,  in  Jurby,  there  was  practically  no  loss,  as  the  cliff  is  protected  by  a 
low  platform  of  shingle  and  blown  sand  continuous  with  the  ancient  sea- 
beach  which  fonns  The  Ayre.  This  protecting  platform  evidently  once 
extended  farther  soiitliward^  and  is  slowly  yieldmg  to  the  flank-attack  of 
the  sea.  So  long  as  it  reniams  there  can  be  no  waste  of  the  clifF  behind  it ; 
and  the  idea  prevalent  in  the  north  of  the  island,  that  the  loss  of  land  is 
greater  now  than  formerly,  probablv  has  its  basis  in  these  conditions.  The 
current  impression,  however,  that  The  Ajnre  is  still  increasing  is  a  mistaken 
one.    (See  pp.  402-3.) 

"  The  removal  of  shingle  is  generally  held  tc  be  detrimental  to  the  pre- 
servation of  the  cliffs,  but  its  effect  must  vary  very  much  according  to  the 
local  conditions.  Wnere  the  cliffs  are  wasting  rapidly  the  new  material 
annually  added  to  the  beach  must  greatly  exceed  the  quantity  removed  by 
human  agency,  and  if  the  shore  were  left  undisturbed  it  is  probable  that 
the  shingle  would  still  be  carried  down  by  tidal  action.  But  where  no  new 
material  is  being  added  to  the  beach,  the  removal  of  the  sand  and  gravel 
must  be  harmful  by  lowering  the  shore  and  increasing  the  power  of  the 
waves  upon  the  cliff.  In  every  case  the  larger  boulders  should  be  allowed 
to  remain,  as  these  are  not  readily  washed  away,  and  tend  to  accumulate 
at  the  foot  of  the  cliff  as  a  rude  breakwater. 

"  lie  subject  of  Coast  Erosion  generally  has  been  investigated  by  a  com- 
mittee of  the  British  Association,  and  a  large  body  of  information  from  all 
parts  of  the  kingdom  has  been  collected  and  published  in  the  annual  reports  of 
the  Association, wherein  many  valuable  hints  as  to  the  result  of  the  removal  of 
shingle  and  the  effect  of  various  kinds  of  protection- works  may  be  gleaned. 

"The  district  of  Holdemess  in  East  \ orkshire  furnishes  a  case  exactly 
similar  to  that  of  the  northern  part  of  the  Isle  of  Man.  In  both  areas  the 
land  consists  of  loose  deposits  of  sand,  gravel  and  boulder  clay,  forming  low 
tracts  upon  which  the  sea  is  steadily  encroaching.  In  Holdemess,  along  a 
coast  line  of  about  35  milas  the  average  loss  is  stated  to  be  at  the  rate  of 
2i  yards  per  annum,  though  in  some  places  the  loss  is  as  hi^^h  as 
5  yards  per  annum.  Defences  have  been  erected  to  protect  the  towns  of 
Bridlington  Quay,  Hornsea  and  Withemsea,  but  no  attempt  has  been  made 
to  preserve  the  purely  a^cultural  land,  as  calculation  has  shown  that  the 
annual  charge  of  any  efhcient  scheme  ot  defence  would  exceerl  the  value  of 
the  land  lost  in  the  same  period.  This  subject  has  been  fully  discussed  from 
the  standpoint  of  the  engineer  by  Mr.  R.  Pickwell,  CE.  In  his  paper  on 
*  The  Encroachments  of  the  Sea  from  Spurn  Point  to  Flamhorough  Head, 
and  the  Works  executed  to  prevent  the  Loss  of  Land  '  (in  Proc.  Institute 
of  Civil  Engineers,  vol.  li.,  1877-78),  Mr.  Pickwell  considers  that  the  coast 
might  be  efficiently  protected  by  a  system  of  timber  groynes,  300  to  400 
eet  in  length,  and  300  to  400  yards  apart,  of  which  the  cost  would  be 
pproximately  (in  1877)  £l  10s.  per  lineal  yard  of  protected  coast. 
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"  He  then  states  that  *  taking  a  length  of  1,200  yards  of  coast  and  the  loss 
at  2i  yards  per  annum,  there  is  an  actual  loss  of  land  of  from  three-<]^uarters 
of  an  acre  to  one  acre  per  annum,  enual  to  £35  to  £50  per  annum.  The  interest 
alone  on  the  cost  of  protective  works,  as  suggested,  for  the  same  length  of 
frontage,  would  be  equal  to  £90  to  £lOO  per  annum,  at  five  per  cent.,  so 
that  to  tne  landowners  as  a  whole  it  is  cneaper  to  lose  the  land  than  to 
protect  it.* 

"  The  Memoir  of  the  Geological  Survey  on  '  Holdemess,'  by  Mr.  Clement 
Reid,  contains  full  details  of  the  loss  of  the  land  in  Holdemess." 


Durability  of  the  Manx  Slate  Series. 

From  their  tough  and  well-knit  character  all  the  members  of 
the  Slate  Series  are  very  enduring  under  the  attack  of  the  sea. 
The  cliffs  are  moreover  protected  in  most  places  by  the  presence 
of  a  bare  rocky  tidal-reef  ending  off  in  deepish  water,  and  by  the 
consequent  scarcity  of  the  beach-material  which  is  so  powerfiil 
an  agent  in  erosion.  Hence  the  waves  break  with  so  Uttle  effect 
against  the  rocks  that  even  during  storms  the  water  remains 
unclouded,  except  in  the  vicinity  of  the  shingly  recesses  where 
there  is  sometimes  a  little  rock-flour  in  suspension.  Indeed  we 
find  that  in  these  old  rocks  the  coast-lino  of  the  Island,  like  the 
drainage  system,  has  undergone  only  slight  modification  siuce 
Pre-glacial  times.  That  is  to  say,  the  recession  of  the  rocky  part 
of  tne  coast  since  Glacial  times  nas  not  been  sufficient  to  affect 
materiaUy  the  outline  of  the  old  massif,  and  there  are  many 
indications  that  cliflfe  of  the  slate  rocks  were  in  existence  in  Pre- 
glacial  times  in  approximately  the  same  position  as  those  of  the 
present  day.  The  rocky  tidal  shelf  on  tne  more  exposed  parts 
of  the  coast  appears  usually  to  represent  the  extent  of  Post-glacial 
erosion,  while  m  some  of  the  larger  bays,  e.g.  those  of  Douglas, 
Port  St.  Mary  and  Port  Erin,  where  the  foreshore  is  broad  and 
smooth  there  are  patches  of  drift  upon  the  rocky  platform, 
apparently  mdicating  that  even  this  feature  may  sometimes  be 
Pre-glacial;  and  in  a  few  sheltered  recesses  tne  ancient  cliff- 
slope  is  still  unbroken  (see  pp.  346,  446,  462). 

The  persistence  in  many  places  of  the  little  notch  which  was 
cut  into  the  base  of  the  cliffs  during  the  Raised  Beach  stage, 
already  commented  on,  affords  another  illustration  of  the  slow 
progress  of  marine  erosion.  This  quality  of  the  mass  of  the 
strata  serves  to  accentuate  the  effect  of  the  sea  upon  every  plane 
of  weakness  in  the  massif;  and  the  coastline  is  therefore  gashed 
by  innumerable  narrow  gorges  and  partially  roofed  recesses, 
marking  the  lines  along  which  the  rock  is  dislocated  and  some- 
what shattered  (see  p.  86).  These  in  some  parts  of  the  Island 
are  known  as  Gullets ;  in  othora  as  Ghaws —  the  latter  a  tenn 
of  Norse  derivation,  in  common  use  in  Iceland  for  similar 
features.  Where  these  channels  intersect,  rude  rock  pillars  or 
Stacks  are  isolated,  which  stand  like  sentinels  a  little  in  advance 
of  the  main  cUff-Hne.  These  are  the  favourite  haunts  of  sea- 
birds.  Wider  recesses  named  Purts  or  Ports  occur  at  intervals ; 
and  in  them,  as  in  the  more  open  bays,  there  is  visually  some 
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accumulation  of  beach-material,   which  in  Manx  is  called  the 
Traie. 

Other  physical  details  regarvHn<x  the  coast  will  be  mentioned 
in  the  account  of  the  stratigraphy  of  the  cliffs  in  succeeding 
chapters. 

Sub-aerial  weathering  of  the  Manx  Slates. 

It  sometimes  happens  that  rocks  which  offer  a  firm  resistance 
to  the  sea,  are  yet  crumbled  away  readily  by  the  less  boisterous 
but  more  subtle  sub-aerial  agencies.  This  is  not,  however,  the 
case  with  the  Manx  Slates,  which  appear  to  give  way  as  slowly 
to  the  one  attack  as  to  the  other.  In  no  part  of  the  series  are 
the  rocks  in  themselves  permeable  to  water,  so  that  it  is  only 
along  the  lines  of  jointing  and  faulting  that  underground  percola- 
tion* can  take  place  in  them,  and  the  sparsity  and  insignificant  size 
of  the  rock-springs  show  that  the  amount  of  water  thus  conveyed 
must  be  very  limited.  The  structural  changes,  due  to  pressure 
and  earth-movement,  which  the  strata  have  undergone,  while 
often  obliterating  the  tendency  to  split  along  the  bedding  planes, 
have  not  usually  developed  a  sufficiently  definite  cleavage  to 
render  the  rock  readily  fissile  in  any  other  direction.  The  result  is 
especially  notable  in  tne  argillaceous  portion  of  the  series,  which 
has  been  so  toughened  and  welded  into  one  mass  that,  though 
intrinsically  much  softer  than  the  greywackes  and  grits,  it  is 
much  less  jointed  and  less  liable  to  splinter,  and  has  therefore 
resisted  disintegration  better.  Hence  we  find  that  the  higher 
ridges  of  the  Isumd,  with  all  its  chief  eminences,  are  princimlly 
composed  of  the  comparatively  soft  argillaceous  Barrule  Slates, 
while  the  hard  Agneash  Grits,  with  the  Lonan  and  Niarbyl  Flags, 
for  the  most  part  occupy  lower  ground  on  their  flanks. 

The  granitic  bosses  also  fonn  comparatively  low  ground  in  the 
massif,  and  the  intrusive  igneous  dykes  with  which  the 
sedimentary  rocks  are  often  riddled  are  rarely  prominent  at  the 
siu&ce. 

The  persistence  of  the  old  massif  as  a  land  area  is  evidently 
due  to  this  enduring  quality  of  its  component  strata. 

As  a  general  rule,  it  has  not  been  found  that  the  valleys  of 
the  Island  bear  any  relation  to  the  stratigraphy  of  the  present 
surface ;  but  there  are  certain  exceptions  in  which,  on  a  limited 
scale,  some  such  relationship  may  exist,  as,  for  example,  where 
Sulby  Glen  follows  for  some  distance  the  main  belt  of  Crush- 
conglomerate,  and  where  Glen  Agneash  coincides  for  o  short 
space  with  the  outcrop  of  the  Laxey  metalliferous  lode. 
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CHAPTER  II. 

OUTLINE  OF  THE  LITERATURE.^ 

Preceding  the  more  strictly  geological  literature  of  the  Isle  of 
Man,  we  find  in  various  early  topographical  accounts  the  usual 
desultory  scraps  of  geological  information.  Governor  Sacheverellj 
for  example,  in  his  "  Account ''^  published  in  1702,  refers  to  the 
mines  of  liead,  Copper  and  Iron' ;  and  to  the  occurrence  of  trees 
interred  in  the  bogs  of  the  Curragh,  of  which  he  notes  that  they 
are  discovered  by  reason  of  no  dew  resting  on  the  ground  above 
them.*  He  mentions  also  a  mineral  spring  or  pool  in  Kirk- 
Christ  Rushen  "  of  vitrioUc  quality  ....  wnich  probably  pro- 
ceeds from  the  frequent  spewings  of  copper,  that  are  discovered 
on  all  sides  of  these  moimtains."^  Governor  Waldron's  account 
prmted  in  1731,^  in  spite  of  the  reference  in  the  sub-title  to 
"  Minerals,"  deals  with  the  superstitions  of  the  people  rather 
than  with  the  natural  features  of  the  Island.  Bishop  Wilson 
wrote  a  description  for  an  edition  of  Camden's  "  Britannia  "  pub- 
lished in  1772,  afterwards  reprinted  in  the  collected  edition  of 
his  works.^  He  mentions  that  in  the  Curragh  where  bogs  had 
been  drained  and  brought  under  husbandry,  very  large  trees  of 
oak  and  fir  were  foimd,  "  not  promiscuously,  but,  where  there  is 
plenty  of  one  sort,  there  are  generally  few  or  none  of  the  other  " ; 
also  that  the  limestone  rocks  (Carboniferous  Limestone^  "  spe- 
cially about  Bally-lool,  are  full  of  petrified  shells  of  different 
kinds,  and  such  as  are  not  now  to  be  found  on  these  coasts." 
The  red  freestone  (Peel  Sandstone)  around  Peel,  and  the  blue 
slate,  which  at  Spanish  Head  was  A\Tought  in  long  beams  of 
tough  stone  12  to  15  feet  long  and  "strong  enough  to  boar  the 
weight  of  the  highest  stack  of  chimnies,"  are  also  described  ;  and 
in  referring  to  the  mines  of  lead,  copper  and  iron,  he  notes  also 
that  no  coal  was  found,  though  several  attempts  had  been 
made  to  discover  it.     Some  items  of  similar  information  may 

*  In  Appendix  iv.,  p.  588,  will  be  found  a  full  list  of  the  geological 
literature  :  in  the  present  chapter  reference  is  made  only  to  the  more 
imnortant  contributions. 

^"  An  Account  of  the  Isle  of  Man,  its  Inhabitants,  Language,  Soil,  Re- 
markable Curiosities "  etc.  etc.,  by  W.  Sacheverell,  late  Governor  of  Man, 
1702.    Reprinted  by  the  Manx  Society,  vol.  i.,  Douglas,  1859. 

'P.  17  of  Manx  Soc  reprint. 

*  Ibid,  p.  19. 

*  Ibid,  p.  18. 

•"The  History  and  Description  of  the  Isle  of  Man,  its Minerals," 

etc.,  by  G.  Waldron,  London,  fol.  1731,  and  12  mo.,  1744. 

'  ^*The  Works  of  T.  Wilson,  D.D.,  Lord  Bishop  of  Sodor  and  Man,**  com- 
piled by  the  Rev.  C.  Cruttwell,  to  which  is  addled  his  "  History  of  the  Isle 
of  Man."    Bath,  1781. 
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likewise  be  found  in  Townley's  book,^  issued  in  1791,  and  in  thafc 
of  Feltham,  in  1798.^ 

The  study  of  the  geology  of  the  Island  may  be  said  to  have 
commencea  with  the  publication  of  Woods'  '*  Account"  in  1811,* 
though  it  appears  that  as  early  as  1801  William  Smith  had 
obtained  sumcient  information  to  enable  him  to  construct  a 
rough  manuscript  map  of  its  rocks .♦  Woods  roughly  classified 
ana  described  tne  strata  according  to  the  then  prevalent  ideas  as 
to  "pnmitive"  and  "transition"  rocks,  ana  outlined  their 
distribution  in  a  small  map  which  appears  to  be  the  earliest 
published  geological  map  of  the  Island.  In  the  central  massif  he 
recognized  greywacke,  clay-slate  and  mica-slate,  resting  on 
granite ;  and  in  the  Carboniferous  area  transition-limestone  and 
breccia.  The  sand  and  "common  clay"  of  the  northern  plain  and 
the  peat  of  the  Curragh  were  also  observed,  and  attention  was 
drawn  to  the  presence  of  blocks  of  granite  on  South  Barrule  which 
liave  been  so  frequently  discussed  in  the  later  literature.  His 
description  of  the  state  of  the  mines  is  fiill  and  interesting, 
and  his  work,  as  a  first  sketch,  has  considerable  value,  though  its 
scientific  importance  was  dimmed  by  the  more  authoritative 
publications  which  followed  soon  afterwards. 

In  the  following  year  Mr.  T.  Quayle  published  his  "  General 
view  of  the  Agriculture  of  the  Isle  of  Man,"  which  contains  much 
information  regarding  the  rocks  and  soils  of  the  island,  and  has 
for  frontispiece  a  coloured  "  Map  of  the  Soil,"  which  is  really  a 
geological  map.^ 

The  next  aecade  constitutes  one  of  the  most  fruitfiil  periods 
in  the  geological  annals  of  the  Island,  its  stratigraphy  being 
independently  made  the  subject  of  personal  investigation  by 
no  less  than  three  well-known  members  of  the  little  band  of 
British  students  of  the  new  science,  viz.,  Berger,  MaccuUoch 
and  Henslow. 

To  the  student  of  Manx  place-names  these  early  geological 
treatises,  in  which  the  names  of  localities  are  phonetically 
spelt,  may  be  recommended  for  the  information  they  afford 
2ii  to  the  old  pronunciation,  now  in  many  cases  obsolete  and 
forgotten,* 

fierger  published  the  result  of  his  investigations,  illustrated  by 
a  geological  map  and  sections,  in  1814.^    In  his  classification, 


' "  A  Journal  kept  in  the  Isle  of  Man,  with  observations  on  the  Soil, 
Clime  and  Natural  Productions, "  etc    Whitehaven,  1791. 

« **  A  Tour  through  the  Island  of  Mann,  etc,"  by  J.  Feltham.    Bath,  1798. 

'  **  An  Account  of  the  Past  and  Present  state  of  the  Isle  of  Man,  includ- 
ing ....  a  sketch  of  its  Mineralogy"  by  Q.  Woods.,  London,  1811. 

*  See  Prof.  J.  W.  Judd  on  "  William  Smith's  Manuscript  Maps,"  in  Geol. 
Ma^.,  dec.  iv.,  vol.  iv.  (1897).  p.  447. 

*  London  1812,  8vo.,  pub.  by  G.  <k  W.  Nicol. 

*  E.q,  Kreevey  (Woods),  now  Greeba  ;  Borroilva  (Berger),  now  Barrule ; 
Dhooaen  (Henslow),  now  Dhoon. 

^ "  Mineralogical  Account  of  the  Isle  of  Man,"  by  J.  F.  Berger,  M.D.  — 
Trans.  Geol.  Soc.,  vol.  iL  (1814),  p.  29. 

3194.  B 
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under  the  head  of  "  Primitive  Rocks  "  are  placed  "  Granite  "  and 
"  Clay-Slate  "  ;  under  "  Transition  Rocks  "  "  grey  wacke  "  (described 
as  "  thick-slaty,"  as  compared  with  the  **  thin-slaty "  clay-slate) 
of  several  varieties ;  ana  under  "  Floetz-Rocks,"  "  limestone," 
"  amygdaloid  "  (under  which  term  the  Carboniferous  Volcanic 
scries  is  indicated),  and  "Sandstone"  (including  the  Carbon- 
iferous Basement  Conglomerate  of  Langness  and  the  Peel 
Sandstone).  The  details  given  in  respect  to  these  divisions  are 
of  unequal  value  and  tinged  with  theoretical  misconceptions,  but 
are  not  wholly  obsolete  and  may  still  be  read  with  profit  bv  the 
student  of  the  Manx  Slates.  Resides  the  '*  Compound  rocKS  in 
situ"  Bergcr  also  describes  at  considerable  length  the  erratic 
l)oulders,  under  the  heading  of  " Compound  rocks  not  in  aitu" 
His  interesting  historical  notice  of  the  minerals  and  mines  has 
been  largely  made  use  of  in  preparing  Chapter  XIII.  of  the 
present  work  (see  p.  482). 

In  1819,  Dr.  Macculloch  included  a  general  account  of  the 
Island  in  the  second  volume  of  his  great  work  on  the  Western 
Isles,^  and  appended  a  geological  sketch-map  and  some  plates  of 
sections.  His  description  oi  the  physical  characteristics  of  the 
area  is  admirable.  He  recognised  that  the  greywacke  and  clay- 
slate  formed  one  series,  and  comments  frequently  on  the  difficulty 
in  distinguishing  between  the  "fissile  tendency"  (cleavage) 
and  the  true  1>edding  in  these  rocks.  His  outline  of  tne 
stratigraphy  corresponas  in  the  main  with  that  of  Berger,  but  is 
fuller  and  better  proportioned,  and  is  illumined  by  many  com- 
parisons with  the  geology  of  Western  Scotland. 

In  1821,  Prof  Henslow  made  a  notable  addition  to  the  subject 
in  a  paper  purporting  to  supplement  and  criticise  that  of  Dr. 
Berger,2  illustrated  by  sections  and  by  a  map  which  showed 
many  improvements  over  its  predecessors.  This  memoir  is 
more  purely  geological  than  the  previous  contributions,  the 
mines  and  mineiuls  being  scarcely  mentioned,  while  the  strati- 
graphy is  described  with  a  wealth  of  local  detail  which  bears 
testimony  to  the  careful  character  of  the  investigation.  The 
two  chief  granitic  areas  of  Foxdale  and  the  Dhoon  were  for  the 
first  time  accurately  delineated,  and  the  associated  el  van  dykes 
identified  ;  the  presence  of  "trap- tuff"  as  well  as  amygdaloid  in 
the  vicinity  of  Scarlet  was  demonstrated,  and  the  relation  of  this 
material  to  the  limestone  discussed ;  the  granitic  blocks  on 
South  Barrule  were  recomised  as  having  been  transported,  and 
the  "  diluvial  matter  "  of  the  north  more  clearly  defined ;  and  the 
occurrence  of  remains  of  the  Irish  Elk  in  a  iresh-water  deposit 
at  Ballaugh  was  described.  In  fact,  after  Henslow's  labours  wo 
may  re^^ard  the  main  outlines  of  the  geology  of  the  Island  as 
having  been  established  upon  an  accurate  basis,  which  has  served 


*  "  A  Dftscription  of  the  Western  Islands  of  Scotland,  including  the  Isle 
of  >lan,"  etc.,  by  John  Macculloch,  M.D.,  3  vols.,  London,  1819. 

*  "  Supplementary  Obaervatioxis  to  Dr.  Ber^r's  Account  of  the  Isle  of 
Man,"  by  J.  S.  Henwow  — Tranfi.  Qeol  Soc,  vol  v.  (1821),  p,  482.  ' 
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for    aU    the    superstructure    of   detail    raised    by    subsequent 
inyestigatious. 

A  rather  acrimonious  correspondence  between  Berger  and 
Henslow  followed  the  publication  of  this  paper,  the  references  to 
which  will  be  found  in  the  Bibliographical  Appendix  (p.  588). 

With  the  exception  of  some  short  notes  relative  to  the 
discovery  at  Ballaugh  of  the  fine  skeleton  of  Irish  Elk  now 
preserved  in  the  Edmburgh  Museum,  between  1821  and  1825, 
and  brief  papers  on  the  shells  of  the  Glacial  deposits  in  1841 
by  Edwara  Forbes  (who  was  a  Manxman  by  birth),  and  in  1843 
by  H.  E.  Strickland,  no  noteworthy  addition  was  made  to  the 
literature  until  1846,  when  the  Rev.  J.  G.  Gumming  began  to 
publish  the  results  of  his  observations. 

'  Gumming  was  for  some  years  the  Vice-Principal  of  King 
William's  (5)llege,  at  Gastletown ;  and  he  made  exceUent  use  of 
the  opportunities  aiforded  him  for  acquainting  himself  with  the 
detailed  geology  of  the  compUcated  Garboniferous  basin  of  that 
district  It  is  onlv  after  a  close  survey  of  this  area  that  one 
can  appreciate  to  tne  fiill  the  acumen  and  thoroughness  which 
distinguish  all  the  w^rk  of  this  investigator.  But  while  the 
Carboniferous  rocks  of  the  South  and  the  drifts  of  the  Island 
^nerally  were  the  chief  objects  of  his  attention,  his  observations 
in  every  division  of  its  stratigraphy  were  careful  and  valuable. 
His  papers  published  in  the  Quarterly  Journal  of  the  Geological 
Society  for  1846  and  1847^  were  accompanied  by  more  detailed 
geological  maps  and  sections  than  had  nitherto  oeen  attempted, 
and  in  1848  he  issued  a  descriptive  work  on  the  Island,^  in  which 
its  gaological  features  receivea  full  treatment.  Later  papers  of 
less  conseauence  came  from  his  pen  in  1854  and  1855  (see 
Appendix  iv.,  p.  589) ;  and  in  1861,  after  his  official  connection 
witQ  the  Island  was  severed,  he  wrote  an  excellent  guide-book  for 
a  London  publisher,'^  which  contains  his  latest  summary  of  Manx 
geology. 

Gumming  seems  to  have  been  the  first  writer  to  apply 
modem  stratigraphical  terms  to  the  rocks  which  we  now  call 
the  Manx  Slates.  These  in  his  first  book  he  referred,  with  some 
hesitation,  to  the  Lower  Silurian  as  then  understood,  while  in  his 
latest  work  he  defined  them  as  "rocks  which  it  may  be  con- 
venient at  present  to  include  under  the  general  tenn  Gambro- 
Silurian,  intsnding  thereby  all  the  rocks  under  the  Upper 
Silurian  of  Sir  Roderick  I.  Murchison."  ♦  The  Peel  Sandstone 
ai^d  the  Gonglomerate  resting  imconformably  on  the  slates  at 
Langness  he  classified  as  Old  Red  Sandstone,  but  noted  that  at 
the  latter  locality  the  conglomerate  "  passes  by  a  regular  jyjrada- 
tion  into,  and  appears  as  a  lower  member  of,  the  Garboniferous 

»  "  On  the  Geology  of  the  Isle  of  Man.  Pt.  I.  The  Palaeozoic  Rocks  of 
the  Island."— Quart.  Journ.  Geol  Soc.,  vol.  ii.,  pp.  317-335.  "  Part  II.  The 
Tertiary  Formations."— Ibid.,  pp.  335-348.    "  On  the  Geology  of  the  Calf  of 

Man."— Ibid.,  vol  iii^  p.  179.  _     .    ,    ^    ,    .     .    ,    ^.  ., 

»  "  The  Isle  of  Man ;  Its  History,  Physical,  Ecclesiastical,  Civil  and 

Leffendary.''    8vo.    London.    1848.  ,  ,      , 

^"  A  Gfuide  to  the  Isle  of  Man,"  etc,  etc.    Stanford,  London.    1861. 
«  Stanford's  Guide,  ed.  1861,  p.  168, 
3194.  »  2 
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Series,"  ^  and  he  considered  that  the  same  conditions  would  be 
found  at  Peel  if  the  higher  strata  had  been  preserved.  The 
Carboniferous  Limestone  Series  he  divided  into  Lower  Carbon- 
iferous Limestone  or  Castletown  Limestone ;  Upper  Carboniferous 
Limestone  or  Poolvash  Limestone,  belonging  to  the  Yoredale 
Series;  and  Posidonia  Schist  or  Poolvash  Slack  Marble,  with 
the  upper  part  of  which  he  associated  the  Contemporaneous 
Volcamc  Rocks  of  Scarlet.  These  divisions  he  substantiated  by 
nalaeontological  lists,  based  on  his  extensive  collection  of  the 
tossils,*  and  so  far  as  this  branch  of  the  subject  is  concerned  there 
has  not  since  been  much  advancement  made  upon  his  results. 

In  respect  to  the  Drift  deposits,  his  statement  of  their  leading 
characters  was  full  andjparticular,  and  he  recognised,  apparently 
for  the  first  time,  their  Glacial  origin.'  Though  attributmg  more 
to  the  action  of  floating  ice  than  would  now  be  generally 
acknowledged,  his  theoretical  conclusions  in  these  matters 
were  in  advance  of  most  of  his  contemporaries  and  of  some 
of  his  successors.  Thus  he  remarked  (o/>.  cit,  p.  341) :  "  There 
appears  no  necessity  for  supposing  any  extraordinary  rush 
of  water  or  more  powerful  waves  or  currents  than  there  are  at 
present,  but  simply  a  difference  of  climate."  He  paid  especial 
attention  to  the  distribution  of  the  boulders  of  the  Foxdale 
Granite  on  South  Barrule  at  higher  levels  than  their  source, 
being  at  first  inclined  to  consider  their  transportation  as 
evidence  for  "the  agency  of  some  great  cataclysm,"*  but 
finally  accepting  the  explanation  offered  by  Charles  Darwin,* 
with  whom  ne  had  been  in  communication  on  the  subject,  that 
they  were  lifted  by  the  action  of  shore-ice  on  a  sinking  land® 

In  Cumming  the  study  of  Manx  geology  on  modem  lines  had 
an  adequate  commencement,  but  for  many  years  afterwards  made 
made  very  little  further  progress.  A  few  Manx  Carboniferous  fossils 
were  described  in  the  monographs  of  McCoy,  Milne-Edwards 
and  Haime,  Davidson  and  others  (see  Appendix,  pp.  589-91); 
some  general  sketches  based  on,  and  inferior  to,  Cumming's, 
were  published  in  scattered  guide-books  and  periodicals;  and 
between  1862  and  1865  there  was  some  discussion  of  certain 
markings  in  the  Slates,  supposed  to  be  fossil  foot-prints,  but  in 
realit}^  the  hollows  left  by  decayed  nodules  (see  p.  92).  About 
this  time  the  geology  of  the  Island  began  to  attract  the  atten- 
tion of  Lancashire  geologists  who  spent  vacations  there,  and 
published  occasional  papers  on  the  subject  in  the  Transactions 
of  the  scientific  societies  of  Manchester  and  Liverpool.  The 
earliest  of  these  seems  to  have  been  a  communication  in  1864  to 
the  Manchester  Greological  Society  on   the  Slate    Series,^  by 

>  Stanford's  Guide,  ed  1861,  p.  160. 

*  This  collection  is  still  contained  in  the  Library  of  King  William's 
College,  Castletown,  but  unfortunately  is  now  in  i>oor  condition  {seep,  251). 

'  Quart.  Joum.  Geol.  Soc.  vol.  ii.  (1846),  p.  340. 
«  "  Isle  of  Man,"  p.  178. 

*  Quart.  Joum.  GfeoL  Soc.,  vol.  iv.,  pp.  315-323. 

*  Stanford's  Guide,  p.  168. 

^  "  The  Cambrian  Strata  of  the  Isle  of  Man,"  by  J.  [E.]  Taylor.— Trans. 
Manchester  Qeol.  Soc.,  vol.  iv.,  pp.  70-107. 
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J.  [E.]  Taylor,  who  claimed  that  these  rocks  were  probably  of 
Cambrian  age. 

In  1866  the  Slate-rocks  were  investigated  by  Harkness  and 
Nicholson/  who  correlated  them,  on  somewhat  misatisfactory 
grounds ,  with  the  Skiddaw  Slates  of  the  Lake  District ;  and 
henceforward  it  has  been  customary  to  apply  this  appellation  to 
the  Manx  Slates  (see  p.  115). 

The  next  addition  to  the  literature  requiring  our  attention 
is  a  paper  by  Mr.  J.  Home,  published  in  1874,*  in  which  the 
Peel  Sandstone  and  Langness  Conglomerate  were  compared  with 
the  Calciferous  Sandstone  Series  of  Scotland,  the  Volcanic  rocks 
of  Scarlet  and  Poolvash  were  carefully  described,  and  the 
Glacial  Drifts  were  for  the  first  time  discussed  on  the  land-ice 
hypothesis. 

The  renewed  interest  in  Glacial  subjects  excited  about  thig 
time  by  the  works  of  J.  Croll  and  James  Geikie  was  also 
reflected  in  speculative  papers  On  the  Manx  phenomena  by  J.  A. 
Birds  and  (Sir)  H.  H.  Howorth,  and  in  a  discussion  arising 
therefrom  in  which  J.  Home,  G.  H.  Morton,  and  A.  Strahan 
participated  (see  Appendix,  p.  590). 

In  1877  E.  W.  Binney  described  and  figured  certain  obscure 
worm-markings  from  the  Manx  Slates.'  Some  valuable  observa- 
tions on  the  same  rocks  were  published  in  1880  by  the  Rev. 
J.  Clifton  Ward,*  who  visited  the  Island  for  the  purpose  of 
comparing  them  with  the  Skiddaw  Slates  of  the  Lake  District 
which  he  had  recently  surveyed.  His  examination  disproved 
tke  supposition  of  Harkness  and  Nicholson  that  the  Borrowdale 
Volcamc  Ashes  were  represented  among  the  flags  of  the  eastern 
coast-line,  but  was  on  the  whole  favourable  to  the  general 
correlation  of  the  Manx  Series  with  the  Skiddaw  Slates.  In  the 
same  paper  he  gave  an  instructive  account  of  the  Carboniferous 
Volcanic  Series,  in  which  he  recogfnised  the  effects  of  submarine 
volcanic  action ;  and  concluded  with  a  general  summary  of  the 
Drift  phenomena. 

A  useful  list  of  Manx  Minerals  by  Sir  Warington  W.  Smyth 
was  issued  by  the  Isle  of  Man  Natural  History  and  Antiquarian 
Society  in  1888. 

In  tne  same  year  there  appeared  the  first  of  a  series  of  con- 
tributions to  tne  literature  by  Prof.  W.  Boyd  Dawkins.^     In 


*  "On  the  Lower  Silurian  Rocks  of  the  Isle  of  Man,"  by  Prof.  R- 
Harkness  and  H.  A.  Nicholson.— -Quart.  Journ.  Geol.  Soc.,  vol.  xxii.,  p.  480- 

*  "A  Sketch  of  the  Geology  of  the  Isle  of  Man,"  by  J.  Home,  of  the 
Geological  Survey  of  Scotland. — Trans.  Edinburgh  Geol.  Soc.,  vol.  ii.,  pt.  iii. 
(1874),  pp.  323-347. 

^  "  A  Notice  of  Some  Organic  Remains  from  the  Schists  of  the  Isle  of 
Man,"  by  E.  W.  Binney.— Proc.  Lit.  and  Phil.  Soc.,  Manchester,  vol.  xvi,  p.  8. 

*  "  Notes  on  the  Geology  of  the  Isle  of  Man,"  by  J.  Clifton  Ward.— Geol. 
Mag.  (1880),  dec.  ii.,  vol.  vii.,  pp.  1-9. 

*  "  On  the  clay-slates  and  phyllites  of  the  South  of  the  Isle  of  Man  and 
a  section  of  the  Foxdale  Mine,"  by  Prof.  W.  Boyd  Dawkins.— Trans. 
Manchester  Geol.  Soc.,  vol.  xx.  p.  53. 
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this  paper  stress  was  laid  upon  the  mineral  alteration  and 
mechanical  dcfonnation  which  the  slates  had  undergone;  and 
the  quartzitcs  interbedded  with  them  were  recognised  as  the 
source  of  the  pebbles  in  the  Langness  Conglomerate.  A  second 
paper  of  the  series,  published  in  the  following  year,  gave  the 
result  of  the  detailed  investigation  of  these  Carboniferous  Con- 
glomerates.^ 

At  this  date  commenced  the  periodical  issue  of  the  Journal 
of  the  Isle  of  Man  Natural  History  and  Antiquarian  Society* 
in  the  pages  of  which,  during  ensuing  years,  many  original 
geological  observations  concemmg  the  area  have  been  recorded 
(see  Appendix  iv.,  pp.  591-595).  The  Manx  Geological  Society, 
estabhsned  in  1888,  though  not  issuing  regiilar  Proceedinra  has 
also  from  time  to  time  added  items  of  interest  througn  the 
medium  of  the  local  newspapers. 

In  1889  Messrs.  Dickson  and  Holland  published  chemical 
analyses  of  some  Manx  igneous  rocks  (see  Appendix  ii.,  p.  675). 

In  1891  Mr.  B.  Hobson,  in  furtherance  of  the  investigations 
of  Prof  Boyd  Dawkins,  contributed  an  important  paper  on  the 
Carboniferous  Volcanic  and  other  igneous  rocks  of  the  south  of 
the  Island,  in  which  for  the  first  time  the  resources  of  modem 
petrography  were  brought  to  bear  upon  the  subject' 

Mr.  H.  Bolton  who  at  the  suggestion  of  Prof  Boyd  Dawkiqs 
had  made  a  careful  search  for  fossils  in  the  Slate-rocks,  recorded* 
ill  1893  the  finding  of  the  cast  of  a  trilobite  in  these  strata 
near  Ramsey,  and  afterwards  added  the  further  discovery  of 
Dictyovcma  in  an  old  quarry  near  Sulby.^  More  recently  Mr. 
Bolton  has  dealt  with  the  paleontology  of  the  Slates  as  a 
whole,®  and  has  brought  together  all  the  existing  information 
on  this  difficult  subject.  A  considerable  portion  of  this  paper  has 
been  reprinted  on  later  pages  of  the  present  work  (pp.  90  94). 

The  most  noteworthy  contribution  to  the  Glacial  literature  of 
the  Island  since  that  of  Cumming  was  made  by  Mr.  P.  F.  Kendall 
in  the  pages  of  Vn  Lioar  Manninagh  in  1894,^  a  brief  outline  of 


»  "  On  the  Geology  of  the  Isle  of  Man.  Pt.  I.  On  the  Conglomerates  of 
the  south  of  the  Island."  Vannin  Lioar  (Journ.  I.  of  Man  I^t.  Hist,  and 
Antin.  Soc.,  vol.  i.,  pt.  i.,  p.  16). 

-  Inder  the  title  of  Vannin  Lioar,  afterwards  altered  to  Yn  Lioar 
Manninagh. 

^  "  On  the  Igneous  Rocks  of   the  South  of   the   Isle   of   Man "  by 
B.  Hobson.— Quart.  Joum.  Geol.  Soc.,  vol.  xlvii.,  p.  432-450  (Repnnted 
with  additions  and  corrections,  in  Yn  Lioar  Manninagh,  vol.  i.  no  10  nn 
337-348,  April.  189i2.)  »      •      >  FP. 

^  On  a  Trilobite  from  the  Skiddaw  Slate  of  the  Isle  of  Man,"  by 
H.  Bolton.— Geol.  Mag.,  dec.  iii.,  vol.  x.  (1893),  p.  29. 

*  **  Observations  on  the  Skiddaw  Slates  of  the  North  of  the  Isle  of  Man. " 
by  H.  Bolton.— Rep.  British  Assoc.,  Nottingham,  1893,  p.  770. 

«  "  The  Palaeontology  of  the  Manx  Slates."— Manchester  Memoirs 
Tol.  xliii.  (pp.  1-15,  pi.  i.).  ^ 

;  *»  On  the  Olacial  Geology  of  the  Isle  of  Man,"  by  P.  F.  Kendall.— Yn 
Lioar  Manninagh,  vol.  i.  pt.  12  (1694^  p.  397. 
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the  author's  results  having  been  previously  given  before  the 
British  Association  in  1890,  and  again  in  Wright's  "  Man  and  the 
Glacial  Period "'  in  1892.  Mr.  Kendall  made  an  exhaustive 
study  of  the  palaeontology  of  the  drifts,  and  the  conclusions 
stat^  in  the  nnal  page  oi  his  paper  were  that  in  spite  of  the 
presence  of  niarmo  sheUs  in  places,  marine  action  played  no 
part  in  the  history  of  the  Isle  of  Man  during  the  Glacial  Period, 
and  that  "  the  fflaciation  was  effected  by  moving  land-ice  which 
overtopped  its  nighest  moimtain."  These  results  the  work  of 
the  Survey  has  confirmed. 

Discoveries  of  great  conseauence,  not  only  to  Manx  Geology 
but  to  that  of  the  whoie  of  the  northern  part  of  the  Irish  Sea 
basin,  were  the  outcome  of  deep  borings  m  search  of  coal  at 
the  northern  extremity  of  the  Island  begim  in  1891  by  Messrs. 
Craine  Bros,  of  Liverpool. 

The  possibility  of  the  extension  of  the  Whitehaven  Coalfield 
beneath  the  sea  to  this  part  of  the  Island  had  long  before 
been  discussed  by  Gumming  and  other  writers  {see  p.  280);  and 
a  systematic  attempt  was  now  commenced  to  decide  this 
question.  At  the  time  of  writing  this  work  is  still  in  progress, 
and  though  the  main  object  of  the  enterprise  has  not  been 
attained,  the  presence  of  Triassic  (including  Saliferous  Marls), 
Permian,  and  Lower  Carboniferous  strata  has  been  demonstrated, 
the  rock-floor  being  reached  beneath  the  drifts  at  depths  varying 
fix>m  160  to  about  400  feet  below  sea-level. 

The  results  obtained  from  the  three  earlier  of  these  borings 
were  made  public  by  Prot  W.  Boyd  Dawkins  in  1894*  and  1895,* 
and  the  deUiils  of  a  fourth  were  given  by  Mr.  John  Todd,  the 
resident  engineer,  in  a  paper  published  in  1896^.  An  account  of 
these  and  two  later  bonngs  will  be  found  in  Chapter  VII.  of  the 
present  volmne. 

In  the  first  of  the  above-mentioned  papers  Prof  Dawkins 
furthermore  discussed  the  Peel  Sandstones,  attempting  to  show 
that  instead  of  being  either  Upper  Devonian  or  Lower  Carboni- 
ferous as  usually  hitherto  held,  they  were  of  Permian  age.  This 
view  was  a^in  stated  by  the  same  author  in  a  short  general 
sketch  of  Manx  geology  published  in  1896.'^ 

In  1895  some  curious  effects  of  carth-movenient  upon  the 
Slate  Series,  by  which  large  tracts  have  been  reduced  to  the 

*  International  Scientific  Series. 

2  "On  the  Gteology  of  the  Isle  of  Man.  Pt.  I.  The  Permian,  Carbon- 
iferous, and  Triassic  Rocks,  and  the  New  Saltfield  of  the  North,"  by  Prof. 
W.  Boyd  Dawkins. — Trans.  Manchester  Geol.  Soc.,  vol.  xxii.,  pt.  xxi., 
p.  590. 

'  "  On  the  Geolocy  of  the  Isle  of  Man.  Part  II.  by  Prof.  W,  Boyd 
Dawkins. — Trans.  Manchester  Geol.  Soc.,  vol.  xxiii.,  part  vi.   p.  147. 

*  "  On  the  Borings  for  Coal,  and  the  Experimental  Salt  Works  in  the 
North  of  the  Isle  of  Man,"  by  John  Todd. —  in  Lioar  Manninagh,  vol.  iii., 
pt.  ii.,  p.  65-72. 

*  "  On  the  Geology  of  the  Isle  of  Man,"  by  Prof.  W.  Boy«l  Dawkins  — 
Rep.  British  Assoc.  Liverpool,  1896,  pp.  77G-779. 
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condition  of  "Crush-conglomerate,"  were  described  by  the 
present  writer  and  Mr.  (Pro£)  W.  W.  Watts.^  In  the  following 
year  a  brief  "  Outline  of  Manx  Geology  "  was  contributed  by  the 
writer  to  the  Handbook  for  the  Liverpool  Meeting  of  the  British 
Association. 

At  the  above-mentioned  meeting  a  monetary  grant  was  made 
to  enable  a  Committee,  with  local  assistance, ''  to  examine  the 
conditions  under  which  remains  of  the  Irish  Elk  are  found  in 
the  Isle  of  Man,"  and  excavations  were  undertaken  under  the 
superintendence  of  Mr.  P.  M.  C.  Kermode,  which  have  yielded 
instructive  evidence  as  to  the  succession  of  animal  and  plant 
life  since  the  Glacial  Period  (see  p.  384).  The  discovery  of  an 
almost  perfect  skeleton  of  the  Elk  in  one  of  these  excavations 
has  been  described  by  Mr.  Kennode.* 

In  his  ''Ancient  Volcanoes  of  Great  Britain "* published  in 
1897,  Sir  A.  Geikie,  at  that  time  Director-Greneral  of  the  Survey^ 
gave  the  result  of  his  examination  of  the  Carboniferous 
Volcanic  Series  of  Scarlet.  This  account  contains  much  new 
information  respecting  these  rocks  and  their  correlation  with 
the  analogous  formations  of  the  mainland. 

The  "  Annual  Reports  "  of  the  Director-General  for  the  year* 
between  1892  and  1897  give  the  outlines  of  the  more  prominent 
results  of  the  official  Survey.  A  short  paper  on  '*  Some  effects 
of  Earth-movement  on  the  Carboniferous  V  olcanic  rocks  of  the 
Isle  of  Man  "  was  also  communicated  to  the  Geological  Society 
in  1899  by  the  present  writer.* 


'  The  Crush-Conglomerates  of  the  Isle  of  Man,*'  by  G.  W.  Lamplugh  and 
W.  W.  Watts.— Quart.  Journ.  GeoU  Soc,  vol.  xli.  (1896),  pp.  563-597. 

*  "  The  Irish  Elk,  Cenms  giganteus,  in  the  Isle  of  Man,"  by  P.  M.  C. 
Kermode. — Geol.  Mag.,  dec  iv.,  vol.  v.  (1898),  pp.  116-119 ;  also  in  other 
Heports,  etc.,  for  whicii  see  Appendix,  pp.  594-5. 

'  London,  Macmillan  <fe  Co.,  2  vols.  (Svo.). 

*  Quart.  Journ.  Geol.  Soc.,  vol.  Ivi.  (1900),  pp.  11-25. 
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PAUT  II.— THE  STRATIGRAPHY  OF 

THE  ISLAND. 


CHAPTER  III. 

THE     MANX     SLATE     SERIES. 
Hlstorical  and  Introductory. 

The  position  of  the  Manx  Slates  in  the  stratigraphy  of  the 
Island  and  their  relationship  to  its  physical  features  have  been 
outline  in  a  previous  chapter,  and  need  little  further  comment. 
At  some  period  probabljr  about  midway  in  Palaeozoic  times,  this 
great  senes  of  slaty,  gritty  and  flaggy  strata  was  ridged  up  b^ 
powerful  crustal  movements  in  complex  fashion  along  an  axis 
ranging  north-east  and  south-west,  and  thus  remains  as  the 
central  framework  of  the  Island. 

Before  the  commencement  of  the  Carboniferous  period,  erosive 
influences  had  cut  deeply  into  this  old  massif,  the  rocks  of  which 
at  that  time  already  possessed  the  lithological  and  structural 
characters  that  we  fina  in  them  to-day.  By  this  early  denuda- 
tion there  seems  to  have  been  shaped  out  an  isolated  hilly  tract 
approximately  resembUng  the  present  land,  which  was  probably 
afterwards  buri^  under  sediments  of  Carboniferous  and  later 
times,  and  thus  during  long  ages  protected  from  erosion.  By 
the  stripping  away  of  these  enfolaing  strata,  probably  finally 
accomphshea  during  Tertiary  times,  tue  central  portion  of  the 
old  riage  was  once  more  exposed,  and  must  since  have  lost 
considerably  in  altitude. 

The  older  geologists,  Berger,  MaccuUoch  and  Henslow,  in 
describing  the  Island,  were  content  to  classify  the  slate-rocks 
according  to  their  Uthological  characters  as  mic^- schists,  clay- 
schists,  slates,  greywackes,  etc.,  without  attempting  further  to 
distinguish  them.  Ciunming,  writing  in  1848,  seems  to  have 
been  the  first  to  attempt  a  closer  definition.  He  remarks : — "  of 
the  geolo^cal  a^e  of  the  schists  we  have  no  good  criterion,  the  few 
undetermined  nicoids  and  coralUnes  in  the  newer  portion  being 
insufficient  guides ;  they  are  probably,  as  far  as  developed.  Lower 
Silurian."^  His  later  opinion  that  tliey  were  "  Cambro-Silurian  " 
has  already  been  quoted  (p.  1 9) ;  as  also  Mr.  Taylor's  contention 
in  1864  that  they  were  probably  Cambrian  (p.  20). 

The  first  definite  correlation  of  the  rocks  with  the  Skiddaw 
Slates  of  the  Lake  District  appears  to  have  been  made  by 
Harkness  and  Nicholson  in  a  brief  paper  in  1866,^  though 
these  authors  wrote  as  if  the  probability  of  this  relationship  had 

»  "  Isle  of  Man/' p.  238. 

*  Quart.  Joum.  (Jeol.  See.,  vol.  yxii.,  p.  488. 


M 


i6  ^HE  Manx  SLATfid. 

been  already  recognised.  They  supported  the  correlation  by  the 
mineral  characters  of  the  strata ;  by  the  presence -of  Pateac/u>rda 
major,  "  a  fossil  very  abundant  in  the  Skiddaw  Slates  of  Cum- 
berland " ;  and  by  the  correspondence  in  strike — "  the  Lower 
Silurian  rocks  of  this  Island  being  on  the  exact  line  of  strike  of 
the  Skiddaw  Slates  of  the  Skiddaw  coimtry  and  of  their  over- 
lying green  rocks."  They  stated,  moreover,  that  "  green  slates 
and  porphyries"  occurred  on  the  eastern  side  of  the  Island 
which  were  "  eauivalents  of  the  ash-beds  and  porphyries  which 
succeed  the  Skiddaw  Slates  of  the  Lake-country,'*  though 
somewhat  different  "  in  being  more  quartzose  and  in  having  the 
ashy  rocks  better  bedded." 

This  statement  as  to  the  presence  of  Volcanic  rocks  in  the 
east  of  the  Island  comparable  to  the  Borrowdale  Volcanic  Series 
was  shown,  however,  by  the  Rev.  J.  Clifton  Ward  in  1880^  to  be 
erroneous,  since  sandv  and  gritty  beds  only  were  contained  in  the 
sections  indicated.*  The  same  author,  whose  intimate  knowledge 
of  the  Skiddaw  rocks  of  the  Lake  District  gave  especial  value  to 
his  opinion,  summed  up  his  investigation  of  the  Manx  Series  as 
follows — **The  rock  occurs  in  four  forms.  1.  As  a  coarse  thitk- 
bedded  sandstone  or  grit,  slightly  conglomeratic  in  parts.  2.  As 
more  or  less  thickly-oedded  flags  of  a  grey  colour  within  but 
often  irony  on  the  outside.  3.  As  black  slate  freauently  flaggy 
in  character  and  occasionally  cleaved.  4.  As  son;  black  shale, 
not  unlike  coal-measure  shales.     All  these  forms  also  recur  in 

the  Lake  District  Skiddaw  Slate  Group It 

would  be  unsafe  to  offer  any  decided  opmion  upon  the  divisions 
of  the  Skiddaw  Slate  in  the  Island  without  having  made  a 
detailed  survey  of  the  whole,  and  still  more  so  to  point  to 
certain  parts  as  the  equivalents  of  Lake  District  divisions."  He 
also  remarks  that ''  on  the  east  side  of  the  Island  especially, 
the  beds  appear  much  more  sandy  than  is  the  general  character 
of  the  series  in  the  Lake  District.* 

Mr.  J.  Home,  in  commenting  on  the  supposed  Skiddaw  age  of 
the   series,   remarks —  "[If  this  correlation  be  correcty] 
they  are  inferior  in  position  to  the  Silurian  rocks  of  the  south 
of  bcotland.     Lithologically,  they  are  totally  different  from  any 
part  of  that  series."^ 

No  further  evidence  in  support  of  the  correlation  has  been 
torthcoming,  and  the  reasons  adduced  in  the  above  extracts  are 
not  convincing.  Nevertheless  it  has  become  the  established 
custom  to  apply  the  designation  of  "  Skiddaw  Slates  *'  to  the 
Manx  rocks,  apparently  as  much  from  lack  of  an  alternative  term 
as  from  any  other  cause.  Certainly  none  of  the  arguments  on 
which  Harkness  and  Nicholson  based  the  correlation  will  stand  a 
criti(;4il  examination.     The  supposed  existence  of  rocks  rcsemb- 

*  Geol.  Mag.  dec.  ii.,  vol.  vii.,  p.  2. 

2  The  existence  of  "  thick  sheets  of  Volcanic  Ash  "  in  the  series  was  again 
stated  by  Mr.  H.  Bolton  in  1893  (Report  British  Assoc.,  Nottingham,  18©3, 
p.  770)  but  was  based  on  a  similar  misconception. 

^  Trans.  Edinburgh  Geol.  Soc.,  vol.  ii.,  part  iii.  (1874),  p.  5. 
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ling  the  Borrowdale  Volcanic  Series  has  been  disproved.  The 
palseontological  argument,  based  entirely  on  the  occurrence  of 
Palieochorda,  a  worm  track,  already  of  the  weakest,  is  rendered 
nugatory  by  the  absence,  so  far  as  is  known,  of  any  of  the 
Skiddaw  graptolites,  trilobites,  or  other  fossils.  The  lithological 
comparison  has  somewhat  greater  strength,  but  as  Clifton  Ward 
has  shown,  it  can  only  be  appUed  in  a  broad  general  way  and 
cannot  be  followed  out  in  detail.  In  fact  the  same  comparison 
might  be  made  with  any  of  the  monotonous  masses  of  slate  and 
greywacke  which  occur  so  commonly  in  the  British  Islands 
among  the  Older  Palseozoic  strata.  As  for  the  north-east  to 
south-west  strike,  this  is  not  a  feature  peculiar  to  the  Skiddaw 
S^lates,  but  is  common  to  that  wide  region  surrounding  the 
northern  part  of  the  Irish  Sea,  wherein  the  Lower  Palaeozoic 
rocks  where  thrown  into  folds  by  the  great  Mid-Palseozoic 
system  of  earth-movements ;  and  moreover  the  detailed  mapping 
of  the  Manx  strata  has  shown  that  their  true  line  of  striice  is 
directed  somewhat  to  the  northward  of  the  Skiddaw  Slate  out- 
crops in  Cumberland,  and  that  it  is  only  in  regard  to  the  strike 
of  the  cleavage-structures  the  two  areas  are  linked. 

It  has  also  recently  been  shown  ^  that,  as  long  suspected,  the 
rocks  known  collectivelv  as  the  "  Skiddaw  Slates "  in  the  Lake 
District  itself,  include  deposits  ranging  in  time  from  the  Lower 
Silurian  to  an  unknown  downward  limit  in  the  Cambrian,  and 
that  the  term  though  useful  as  an  expression  of  local  stratigraphy 
has  no  value  as  a  systematic  division. 

Under  these  considerations  it  seems  very  undesirable  that  the 
ill-delined  title  should  be  extended  beyond  its  original  local 
application.  Hence  we  propose  to  cease  using  the  term  for  the 
Manx  rocks,  and  to  substitute  for  it  the  expression  "  Manx  Slate 
Series"  or  "  Manx  Slates."  This  course  has  been  adopted  on  the 
map  which  has  been  issued  by  the  Survey. 

After  having  mapped  a  considerable  area  of  these  rocks  in  the 
Isle  of  Man,  tne  wnter  spent  a  few  days  in  the  spring  of  1 895  in 
examining  the  Skiddaw  Slates  of  the  mainland  in  the  neighbour- 
hood of  Keswick  for  the  purpose  of  comparing  the  rocks  of  the 
two  areas.  Failing  to  obtain  any  definite  results,  he  made  in 
the  following  year  a  similar  examination  of  the  Black  Combe 
district ;  and  has  since  visited,  for  the  same  purpose,  some  out- 
crops in  the  Cleator  district  of  Cumberland,  but  still  without 
finaing  any  convincing  evidence  for  the  correlation.  Along 
with  a  certain  general  similarity  in  lithological  character,  one 
notices  many  points  of  difference,  which  while  quite  possibly 
explicable  as  lateral  changes  of  the  original  sediments  in 
different  parts  of  the  same  basin  of  deposition,  or  even  as 
partlv  due  to  unequal  subsequent  djmamic  or  other  alteration 
in  these  distinct  areas,  are  yet  sufficient  to  destroy  confi- 
dence in  the  correlation.  Thus,  besides  the  apparent  absence 
from  the  Manx  Slates  of  the  characteristic  fossus  of  the  Skid- 


1"  The  Skiddaw  Slat»s,"   by  J.  E.  Marr,     Geol.  Mag.,  dec.  iv.,  vol.  I 
1894X  p.  122. 
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daw  Slates  ol  the  Lake  District,  the  greywackes  and  grits 
of  the  Island  have  usually  a  difterent  composition  and  aspect 
from  those  of  the  mainland;  and  the  argillaceous  members 
are  much  more  sericitic,  and  rarely,  if  ever,  possess  the  dull 
muddy  character  of  most  of  the  fossiliferous  outcrops  of  the  Skid- 
daw  Slates  proper.  In  both  areas  the  strata  hav6  undergone 
great  deformation,  but  the  shearing  of  the  Manx  rocks  has  been 
exceptionally  severe,  and  the  resultant  structures  are  much  more 
strongly  marked  in  them.  On  the  other  hand,  the  Lake 
District  rocks  exhibit  much  greater  contact-alteration  in  the 
vicinity  of  igneous  intrusions  than  the  Manx  rocks,  though  this 
of  coiu'sc  does  not  affect  the  question  at  issue. 

But  in  spite  of  this  lack  of  proof,  it  is  nevertheless  probable 
that  the  actual  time-equivalent  of  some  part,  at  least,  of  the 
Manx  Slate  Series  has  its  place  among  the  lowermost  portion  of 
the  Skiddaw  Slates.  This  matter  will  be  further  discussed  on 
a  later  page  (p.  115). 

During  the  progress  of  the  survey  of  the  Island  brief  accoimts 
of  the  steps  taken  in  dividing  the  Manx  Slates  were  published  in 
the  Annual  Reports  of  the  Director-General  of  the  Survey  for 
the  years  1894-5-6,  and  in  the  paper  on  "  Crush  Conglomerate  " 
(see  p.  55),  by  W.  W.  Watts  and  the  writer.  The  terms  adopted 
for  the  subdivisions  of  the  Slates  on  the  Geological  Map  and  in 
the  present  volume,  were  tirst  mentioned  in  the  above  paper  and 
in  the  Report  for  1895,  p.  5. 

The  contributions  of  Mr.  Bolton  to  the  Palaeontology  of  the 
series  are  discussed  under  a  separate  heading  (see  p.  89). 

^  General  Description  of  the  Manx  Slates. 

The  distinct  lithological  types  comprised  in  the  series  may  be 
traced  with  more  or  less  certainty  throughout  the  Island,  but 
the  difficulties  in  defining  their  limits  and  order  of  superposition 
have  been  found  almost  insuperable.  Their  meagre  paiaeontologj' 
affords  no  assistance,  so  that  our  only  guidance  is  in  the 
mineral  characters  of  the  strata,  which  unfortunately,  besides 
an  original  lack  of  sharpness  of  definition,  liave  been  so  greatly 
compUcated  by  structural  changes  that  it  is  often  impjossible 
to  follow  them  in  detail.  A  much  more  prolonged  investigation 
than  it  was  found  practicable  for  the  present  writer  to  imder- 
take  would  have  been  requisite  to  unravel  the  effects  of  unequal 
and  changeable  deposition ;  of  folding,  crushing  and  overthnist- 
ing;  and  of  subsejquent  displacements,  upon  these  ancient 
sediments,  so  that  it  cannot  oe  pretended  tnat  more  has  been 
done  than  to  trace  out  the  broader  elements  of  their  stratigraphy. 

There  is  ever}"  reason  to  believe  that  the  different  lithological 
types  of  which  the  series  is  composed  have  been  deposited  as  a 
conformable  sequence,  passing  into  each  other  without  break. 
This  passage,  indeed,  in  certain  areas  seems  to  take  place  laterally 
as  well  as  vertically,  the  rocks  of  an  arenaceous  type  in  one  area 
apparently  becomuig  more  argillaceous  in  another.     The  whole 
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series  thus  forms  a  stratigraphical  unit,  the  base  of  which  is  no- 
where revealed,  while  the  uppermost  portion  has  been  removed 
by  Pre-Carboniferous  denudation. 

That  these  sediments  were  of  marine  origin  there  can  be 
no  doubt ;  and  from  their  extent  and  diversity  we  may  conclude 
that  they  were  deposited  on  a  subsiding  area  m  a  sea  of  moderate 
depth  at  no  great  distance  from  land.  Since  they  contain 
nothing  which  we  can  recognise  as  beach-material,  it  would 
appear  that  the  shore-lines  of  this  sea  lay  always  beyond  the  area. 
1  rom  the  character  of  the  grit-fragments  in  the  coarser  sediment 
(see  pp.  98-9),  some  sUght  evidence  may  be  gleaned  as  to  the 
composition  of  the  land  which  was  being  wasted  to  supply  the 
material  for  these  rocks;  it  appears  to  have  comprised  older 
sedimentary  strata,  both  argillaceous  and  arenaceous,  as  well  as 
volcanic  and  massive  igneous  rocks. 

As  is  usual  among  the  Older  Palaeozoic  rocks  of  the  British 
Isles,  the  Manx  Slates  are  characterised  by  a  paucity  in  calcar- 
eous constituents.  A  small  percentage  of  lime  (see  pp.  34-6)  is 
occasionally  present  in  the  liner-grained  flags  or  mudstones, 
either  dissemmaled  through  the  mass  or  concentrated  into  slightly 
calcareous  nodules' ;  but  usually  this  material  is  entirely  wanting, 
except  for  such  as  is  contained  in  the  decomposed  basic  igneous 
dykes  by  which  the  Slates  are  traversed. 

The  slaty  and  gritty  sediments  occur  both  separately  and  in  every 
stage  of  admixture.  At  the  one  extreme  we  find  dark  blue  or 
blackish  clay-slate,  often  altered  into  phyllite ;  and  at  the  other, 
almost  pure  quartz-grit  or  quartzite  arranged  in  flaggy  bands, 
with  thm  argillaceous  partings.  Between  these  extremes  lies 
every  gradation  of  sandy  slate,  mudstone,  greywacke  and  impure 
grit  or  flag.  The  extreme  types  occur  in  fairly  well-defined  belts,  but 
between  them  are  broad  tracts  in  which,  either  from  original 
variable  sedimentation  or  from  the  intricacy  of  the  folding  and 
crushing,  the  different  varieties  are  so  closely  intermingled  as  to 
be  practically  inseparable.  Of  course  under  such  conditions  the 
mapping  of  the  boundaries  of  the  divisions  must  necessarily  be 
more  or  less  approximate  and  diagrammatic;  and  the  minor 
features  can  hardly  be  deciphered.  Indeed,  so  great  has  been  the 
displiicement  and  distortion  of  the  rock-masses  that,  while  the 
mam  divisions  have  been  traced  out,  their  relative  order  has  not 
been  established  with  any  certainty,  and  still  remains  a  matter  of 
inference.  The  chief  impediment  to  more  detailed  stratigraphical 
work  has  been  the  failure  to  find  bands  smaller  than  these  main 
divisions,  with  characters  distinct  enough  to  be  constantly 
recognisable.  On  the  discovery  of  such  bands  any  future 
advance  in  our  knowledge  of  the  district  will  probably  depend, 
and  it  should  therefore  be  made  the  prime  object  of  the  next 
investigator.  In  different  parts  of  the  Island,  bands  were  noticed 
which  at  first  seemed  to  promise  well  for  the  purpose,  but  none 
proved  traceable  for  more  than  a  short  distance.  These  instances 
will  be  duly  noted  in  the  detailed  descriptions '  of  the  succeeding 
chapter ;  and  it  may  be  that  among  them  the  reauisite  more 
definite  clue  to  the  structure  of  the  area  will  eventually  be  found. 
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In  mapping  the  series,  the  scheme  which  was  adopted  as  best 
suited  to  the  circumstances  has  been  to  separate  out  the  wider 
belts  of  similar  lithological  composition  into  divisions  to  which  a 
nomenclature  has  been  attached,  but  not  to  attempt  to  divide 
those  tracts  in  which  the  rocks  are  ill-defined  in  character,  or  in 
which  the  different  types  are  closely  intermingled.  It  is  indeed 
highly  probable  that  in  some  places  the  "  unsejmrated  "  rocks 
may  be  equivalent  to  portions  of  "  separated  '*  divisions  of  other 
localities ;  but  the  former  will  generally  be  found  to  consist  either 
of  strata  of  passage-type  which  do  not  fall  conveniently  into  any 
class,  or  of  rocks  m  which  the  original  structiure  has  been  greatly 
altered  and  obscured. 

The  subdivisions  are  shown  on  the  map  as  follows : — 
^  (a '"  Barrule  Slates. 

Slate      \  "  Crvsh  Conglomerate!' 

Q    .        la"  Agneash  and  other  Grits. 
^"^^-    \a'   Lonan  Flags  and  Niarbyl Flags. 

The  order  in  which  they  are  written  is  supposed  to  be  their 
true  downward  sequence,  for  reasons  now  to  be  briefly 
stated,  and  to  be  more  adequately  discussed  after  the  field- 
evidence  has  been  presented.  It  must  be  understood  that  this 
supposed  succession  of  the  strata  is  not  in  accordance  with  the 
views  hitherto  held  as  to  the  structure  of  the  Island.  By 
Gumming,  Ward  and  most,  if  not  all,  the  later  observers,  the 
anticlinal  axis  running  north-east  and  south-west  through  the 
interior  of  the  Island,  firom  which  the  dominant  structural 
planes  of  the  strata  dip  away  on  both  sides  almost  throughout 
the  massif,  has  been  supposed  to  indicate  the  true  arrangement 
of  the  Slate  Series ;  ana  under  this  supposition  the  oldest  rocks 
would  lie  in  the  vicinity  of  the  axis,  with  the  newer  strata  dipping 
away  successively  on  both  sides.  Hence  the  rocks  on  the  outer 
flanks  of  the  Island  would  be  the  newest,  instead  of,  as  now 
suggested,  the  oldest  portion  of  the  Series.  My  ^  investigation 
has  shown,  however,  that  the  axis  is  primarily  an  anticlme  of 
the  cleavage-structures  and  not  of  the  bedding,  and  that  the 
apparent  dips  are  altogether  misleading  as  to  the  superposition 
and  stratigraphical  relations  of  the  strata ;  and  I  have  concluded 
from  the  whole  of  the  field  evidence  that,  instead  of  forming  a 
stratigraphical  anticline,  the  rocks  are  probably  arranged  in  a 
compound  syncline  or  synclinorimn,  made  up  of  closely  packe<l 
folds,  of  varying  amplitude,  which  expand  outward  from  the 
centre.  To  such  conditions  the  term  "  compound  fan-structure  " 
has  sometimes  been  applied.  In  this  case  tne  oldest  and  not  the 
newest  beds  would  occur  on  the  outer  flanks  of  the  massif, 
as  illustrated  in  the  diagram.  Fig.  32,  p.  118. 


*  Throughout  this  volume  the  pronoun  in  the  Jirst  person  singular  is 
confined  as  far  as  possible  to  passages  discussing  hypothetical  matters  in 
which  the  personal  factor  may  have  had  much  influence  upon  the  interpre- 
tation. Its  use  therefore  denotes  that  the  statements  rest  largely  upon  a 
basis  of  pejrBonal  judgment 
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If  this  view  of  the  structure  be  accepted,  we  must  con- 
sider the  arenaceous  Hags,  which  on  both  sides  of  the 
Island  occupy  the  ground  adjoining  the  coast  and  extend 
inland  toward  the  central  ridge,  as  older  than  the  grits  and 
slates  of  the  interior  which  they  apparently  overlie.  Hence  in 
our  description  of  the  strata  in  ascending  sequence,  we  shall 
commence  with  these  flags. 

The  flags  of  the  western  coast  are  probably  the  equivalents 
of  the  rocKS  which  resemble  them  on  the  eastern  margin  of  the 
Island ;  but  as  their  outcrops  are  separated  by  nearly  the  whole 
breadth  of  the  Island,  and  as  they  do  not  possess  characters 
so  definite  as  to  place  their  identity  beyond  aoubt,  it  has  been 
considered  advisaole  to  describe  them  separately  under  distinctive 
local  names.  To  the  flags  of  the  eastern  coast,  the  designation 
of  "  Lonan  Fla^ "  has  CHBen  applied,  from  their  wide  develop- 
ment in  the  parish  of  that  name ;  while  for  those  of  the  western 
side,  the  term  "  Niarbyl  ^  Flags '  has  been  selected,  from  The 
Niarbyl,  a  prominent  reef  jutting  out  from  the  coast  at  Dalby, 
in  which  these  flags  are  typically  developed. 

The  Lonan  Flags. 

On  the  eastern  coast,  from  Maughold  Head  in  the  north 
to  the  margin  of  the  Carboniferous  basin  in  the  south,  the 
cliff-sections  reveal  a  predominance  of  flaggy  mudstones  and 
iine-grained  grits,  usually  of  bluish-grey  or  greenish  tint,  with 
darker  more  argillaceous  intercalations.  In  their  local  modifi- 
cations, these  rocks  vary  between  the  extremes  of  almost  pure 
quartz-erit  on  the  one  hand  and  almost  pure  clay -slate  on  the 
other ;  out  they  are  characterised  throughout  by  their  colour- 
bancUng  and  flajjgy  stratification,  by  which  the  oedding  planes 
are  rendered  distinguishable  even  where  the  superinduced  fissile 
structures  are  predominant.  The  old  designations,  *  grey  wacke ' 
and  *  slaty  greywacke,'  are  perhaps  still  the  best  descriptive  terms 
to  apply  to  these  rocks.  The  thinly  bedded  slaty  portion  of  the 
series  might  in  some  places  be  separable  from  tne  more  thickly 
bedded  sandy  rocks,  but  they  are  so  intimately  related  that  the 
task  would  be  full  of  difficulty.  Certain  beds  of  coarsish  grit 
which  appear  to  form  part  of  the  series  in  the  vicinity  of  St.  Ann  s 
(Santon)  Head,  and  again  between  Douglas  and  Clay  Head 
seem  however  to  mark  definite  horizons,  and  these  have  been 
indicated  on  the  one-inch  map. 

The  prevalent  dips  of  the  Lonan  Flags  are  high,  vanring 
usually  from  45°  to  vertical,  the  direction  being  generally  from 
the  central  axis  towards  S.E.  or  S.S.E.,  except  in  a  narrow  belt 
running  from  Clay  Head  to  Douglas  Head,  where  they  are 
in  the  opposite  direction.  Evidences  of  severe  deformation  are 
almost  everywhere  visible  in  the  deeper  sections,  and  even  where 
not  immediately   perceptible,  closer    examination   will  usually 

^  Prououuce  Ne-ar-bl. 


32  Thb  Uanx  Slates. 

reveal  the  sharp  crests  and  troughs  of  tolds  partially  masked 
by  strain-slip  planes.  In  the  exceptional  cases  where  the  angle 
of  bfidding  is  apparently  low,  the  presence  of  an  overturned 
recumbent  fold  may  always  be  suspected;  and  may  indeed 
sometimes   be   demonstrated,  as  in  Fig.  2. 

The  angle  of  dip  frequently  brings  the  bedding  into  approxi- 
mate coincidence  with  the  strain-slip  cleavage  planes,  the 
strata  then  often  assuming  a  deceptive  appearance  of  undisturbed 
regularity ;  so  that  in  the  deeper  clitf-sections,  as  in  the  vicinity 
of  Bulgham  Bay,  a  sequence  of  beds  many  hundreds  of  feet 
thick  seems  to  be  presented.  But  the  detailed  investigation  of 
these  sections  genemlly  reveals  indications  of  repetition,  either 
by  folding  or  by  thrust-faulte,  and  it  is  doubtful  whether  the 

Fig.  2.  Cliff-section  700  yards  S.S.E.  •■/  Mawjliold 
Head,  ."flowing  rertimbeiit  /old  in  I'lriped  a/aU-g  irilh 
thin  <jrit  bands.     Height,  about  16  feet. 
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given  rise  to  '  flaser  -atnicture  and  stnun-slip  clejivage  nhich 
IS  often  beautifully  revealed  when  thin  sections  of  the  rock 
are  examined  microscopically,  and  to  various  peculiar  modifi- 
cations of  the  bedding  on  a  larger  scale,  hereafter  to  be 
described  (pp.  73-83.) 

Hence  it  is  probable  that  the  Lonan  Flags  throughout  their 
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range  constitute  a  series  of  closelv-packed  isoclinal  folds.  The 
further  inference  that  they  form  the  lowermost  division  of  the 
Slates  has  previously  been  stated.  They  seem,  for  the  most 
part,  to  have  been  folded  upon  themselves,  into  an  irregular 
platform.  The  overlying  strata  were  somewhat  differently 
aflfected  bv  the  movement,  so  that  the  infolding  of  the  upper 
series  with  the  lower  has  been  comparatively  slight,  and 
confined  to  rather  narrow  vertical  limits  near  the  junction  of 
the  masses.  There  is  scarcely  any  safe  basis  on  which  to 
build  an  estimate,  but  the  original  thickness  of  these  flags 
was  probably  great.  At  Laxey  the  shafts  of  the  mines,  situated 
in  a  valley  which  has  been  excavated  in  these  flags  to  a  depth 
of  700  feet  or  more,  descend  a  ftu-ther  1,800  feet  into  them 
without  reaching  their  base  or  revealing  any  marked  change, 
their  dip  throughout  being  steadily  in  one  direction  at  an^es 
of  from  40°  to  70".  Horizontally  their  outcrop  frequently 
extends  for  over  two  miles,  measured  at  right  angles  to  their 
strike,  with  the  dips  persistently  high.  These  facts  seem  to 
postulate  a  great  original  thickness  for  the  division,  and  its 
wide  lithological  variability  is  also  favourable  to  this  supposition. 

From  the  acute  character  of  the  folding  as  revealed  in 
the  cliff-sections,  it  is  inconceivable  that  any  individual  fold 
in  these  rocks  can  have  a  depth  from  crest  to  trough  at  all 
commensurable  with  the  proved  depth  of  the  whole  division. 
It  is  therefore  tolerably  certain  that  the  plications,  even  within 
the  mass  of  the  flags,  have  taken  place  to  some  extent 
independently  at  several  different  horizons,  and  that  the 
thickness  oi  rock  crumpled  up  in  any  individual  fold 
is  not  large.  This  arrangement  of  folds  in  superimposed 
belts  must,  of  coiuise,  tend  to  pile  up  the  strata  to  an  almost 
indefinitely  exaggerated  extent  vertically  as  compared  with 
their  original  thickness.  The  same  structure  appears  to  per- 
vade, in  variable  degree,  all  parts  of  the  Manx  Slates.  It 
could  only  occur  in  a  region  of  intense  compression,  and  thus 
affords  support  to  my  view  that  these  rocks  occupy  part  of 
a  synclinonum.  As  to  the  maximum  amplitude  which  the 
individual  folds  may  attain  wo  have  scarcely  sufficient  evidence, 
but  to  judge  from  the  length  of  unbroken  dip-slope  in  some 
of  the  cliff-sections,  the  limbs  of  the  folds  may  occasionally 
extend  for  some  hundreds  of  feet,  though  usually  they  are 
shorter.  Regarding  this  point,  it  is  noteworthy  that  among  the 
Lonan  Flags  the  folds  are  generally  straighter-limbed  and  more 
regularly  isoclinal  than  in  other  parts  of  the  Island,  probably 
from  the  more  frequent  coincidence  of  the  planes  of  bedding 
with  those  of  strain-slip  movement. 

Besides  the  effect  of  the  folding,  there  are  indications  that 
at  a  later  date  these  rocks  have  been  displaced  in  blocks, 
by  feults  of  various  kinds,  both  normal  and  reversed  ;  but 
it  is  exceedingly  difficidt,  from  the  general  obscurity  of  the 
ground,  to  trace  the  course  of  these  faults  or  to  recognise 
the  extent  of  the  displacement ;  and  under  these  circumstances 
it  has  not  been  thought  desirable  to  obscure  the  map  by  attempt- 
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ing  to  show  them.  They  will  be  separately  discussed  on  a  Ater 
page  (see  p.  86). 

From  the  coast-sections  in  which  they  are  typically 
developed  we  may  trace  the  Lonan  Flags  inland,  in  the 
northern  portion  of  the  massif,  up  to  the  belt  of-  AgBeftst 
Grits,  into  which  they  appear  to  merge  gradually  with 
every  indication  of  a  conformable  passage.  In  the  area  south 
of  the  central  valley  of  the  Islana,  where  the  Agneasb  Ghrite 
seem  to  be  wanting,  the  inland  margin  of  the  divifiion 
becomes  doubtfiil,  the  flaggy  character  being  graduailly  lost 
amid  the  banded  slates  with  occasional  gritty  intercafetions 
which  occupy  the  interior  to  the  northward  and  north-westward 
of  the  Carboniferous  basin.  It  is  not  improbable  that  these 
banded  slates  may  represent  a  tract*  of  the  more  argillaceous 
type  of  Lonan  Flags  in  which  the  distinguishing  ^aracteis 
have  been  modified  Dv  some  different  effect  of  earth-movement 
in  the  vicinitv  of  tne  structural  axis,  since  the  presence  in 
other  areas  of  masses  of  *  crush-conglomerate, '  produced  by  the 
smashing  up  of  similar  flaggy  strata  by  these  forces,  is 
sufficient  to  prove  how  profoimoly  the  aspect  of  such  rocks  may 
be  altered.  But  as  no  method  has  been  devised  for  proving 
the  identity  of  the  Flags  where  their  i^comizable  chaiac- 
teristics  are  absent,  it  has  oeen  considered  advisable  to  restrict 
the  division  to  the  area  of  its  typical  development,  leaving  an 
indefinite  boimdary  where  it  merces  into  the  'banded  slates.' 
The  latter  rocks  constitute  the  chief  portion  of  the  '  unseparated ' 
tracts  of  the  map.  .       •• 

The  greenish -arenaceous  strata  of  Clay-  Head  and  Douglas 
Head,  which,  with  the  numerous  greenstone  dykes  traversing 
them,  were  mistaken  by  Harkness  and  Nicholson  for  Volcanic 
Ashes,  form  part  of  the  Lonan  Flags.  Rocks  of  similar 
character  are  exposed  on  other  parts  of  the  eastern  coast, 
as  for  instance  oetween  Port  Mpoar  and  Port  Comah,.  and 
between  Laxey  and  Garwick.  • 

The  "  worm-tracts  ■'  and  other  obscure  marking  of .  like 
character,  which  are  almost  the  only  organic  reucs  of  the 
Manx  Slates,  are  more  plentiful  in  tne  Lonan  Flags  than  in 
any  other  part  of  the  series.  They  are  best  seen  at  the 
jimction  of  sandy  and  slaty  layers.  Mr.  Bolton  has  shown 
that  they  include  at  least  two  distinct  types  (see  p.  91). 

These  Fla^  are  further  characterised  by  ,the  occasional 
presence  of  irregular  lines  of  slightly  calcareous  concretions. 
The  nodules  vary  in  size,  the  medium  being  about  six 
inches  in  diameter.  Thev  are  of  lenticular  shape,  usually 
flattened  and  somewhat  drawn  out  by  shearing.  They  are 
commonest  in  the  'thicker  bands  of  mudstone  or  fine  grit, 
though  not  altogether  absent  froto  the  more  laminate 
argillaceous  beds.  The  amount  of  lime  which  they  contain 
is  always  small,  and  appear;  gonerallv  to  bo  in  the  form  of 
dolomite.  Occasionally  no  tracei  of  lime  citn  be  detected  in 
them,  and  those  in  tne  more  gritty  rocks  sometimes*  exhibit 
in  thfeir  interior  a  curious  concentration  of  sand-grains  coarser 
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than  the  sandy  matrix  of  the  nodule.  In  the  more  argil- 
laceous jst^ta ,  the.  .nodules  are  feequently  pyritous^  and*  not 
unlike,  the.  ordinaxy  clay-tironstone  concretions  of  new^r-FOcks, 
which  ..th^  further  resemble  in.  sometimes  posvsessinff  imptirfect 
cone-iurcone  structure  in  their  outer  crust.  .  Careful  search  has 
been  joade  An  Xhese. nodules  for  organic  remains,  for  "which'  ithey 
iseamed.tQoflGar-.promise;  but  none  has  been  found,  though  they 
:haye  been  examined  ii^  thin  sections  under .  the  miorosoope^  as 
well  as  ij^..thQ. field.  The  microscopic  sections  revealed,  however, 
some,  inter^ting  data  in  respect  to.  the  metamorphism  of  the 

.  rocbsXp*  ^6) f  .  .     '  ^  .  .   . 

,...  These  .-concretions  often  weather  rustily,  and  at  a  miJre 
rapid  rate  than  their  matrix,  hence  giving  rise  to  shallow 
depressions  on  the  exposed  surfaces  of  the  flags,  at  i?iore  or 
leas  regulac.ii^rvaLs.  The  futile  discussion  which  arose  from 
tbe  Qustaken  supposition  that  these  pittings  might  represent 
reptUmii  foot-printa  haa  been  mentioned  on  a  previous  page 

Euirther.. details  with  regard    to    the   local  development  of 

the.I^nan  Flags  will  be  lound  in  Chapter  IV.  (pp.  12^15&) ; 

.the  ourious  structures  developed. in  them  by  eartn-movement 

are  more  fully  discussed  on  pp.  73-86 ;  and  some  data  regarding 

their  petrographical  characters  are  recorded  on  pp^  .96-99. 


*•  •  •  » 


l^he  Niarbyi  Flags. 

As  already  stated,  the  correlation  of  this  division  with  the 
Lonan   'Flags;   though    hypothetical,    rests    on    rAthcr  sWong 

igrounds. '^hetiher  the  structure   of  the   Manx   Slatos  as   a 

whole  be 'a  compound  syncline  as  now  suggested'  or  a  ^impl(^ 
anticEne  afe  previously  supposed,  a  more  or  less  synmictrioal 
arrangcrAeritiof  J  the  strata  on  the  opposite  sides  of  the  central 
-axis'is  irlpKed;  though  as  the  «xis,  for  the  moit  part;*  lies 
nearer  the -^wefetem  than -the  Eastern  coast  of  th6  Island 
thi^re-'is  less  rooifi*  for  the  devdopment  of  the  sequence  in 
the  fermer  ^strict  than  in  the  latter.  Hence,  the  occurr^gwcie 
of  this  welUmarked  flaggy  group  on  the  westerh  flank  'of  Xhe 
massif,  agreeing  feirly  well  in  most  respects  with  the  Lbhan 
Flags  arid -with  diiferences  -not  greater  than  is  ustial  iil'the 
lateral  ]f>rolongation  of  rocks  of  this  character,  seems  to  Aflbfd 
a-'gbod'hasis*  for  their  correlation  This  view  fs  seriouslv 
weakened,' however,  by  the  appai;eiit!  absence  of  the  nextgpoiip 
joi  the  sc^uemoe,  the*  Agneash  Grits,  which  could' 'not  te 
defimtely  identified  in  this  part'  of  the  Mand;  and  ther^ 
^iikei^a  difficulty  in  the' relatiori  of  the '  Niarbyl  Ftefa& 
ttf'lhe-adjaceilt  banded  slates;  which  \riay  however  be  due  to 

jcrrarthfust  fetilting.  ' 

'  ^e  Niarbyl '  Flags  are  brought  in  suddenly  at  Niarbyl 
'PAfet,  either*  by  an  overthrust  or  by  a  normal  fault  ;  and 
ext^id-  thence-  in  a  coastal  strip  for  five  miles  northward  to 
Peel,   where  .  they    are    cut    out     by    the    Post-Carboniferous 

31W.  2 


36  The  Manx  Slates.  .H* 

fault  which  brings  m  the  Peel  Sandstone.  The  average 
breadth  of  this  strip  is  only  about  |  of  a  mile,  but  it  has 
evidently  been  reduced  by  the  encroachment  of  the  sea,  and 
may  be  merely  the  fringe  of  a  broader  tract  now  submerged. 

These  flaes  are,  on  the  whole,  finer  in  texture,  more  thickly 
bedded,  and  paler  in  colour  than  the  Lonan  Flags,  and  contain 
fewer  of  the  dark  argillaceous  partings.  Fine  slaty  mud- 
stones  predominate,  usually  of  a  pale  bluish-grev  colour, 
weathermg  brown  and  developing  a  smooth  himimocky  surfece 
under  wave-action.  Some  of  the  bands  contain  sufficient 
disseminated  calcareous  material  to  give  a  brisk  efiTervescence 
with  acid,  and  one  of  these  on  analysis  was  found  to  contain 
4'4per  cent,  of  lime.^ 

Tney  present  greater  regularity  of  lithological  type  than 
the  Lonan  group;  but  this  may  be  only  because  of  their 
restricted  extent,  and  it  would  perhaps  be  possible  to  find  an  equal 
area  of  the  Lonan  Flags  which  would  exhibit  corresponmng 
uniformity.  The  only  traces  of  organisms  yet  foxmd  m  them 
are  worm-casts  like  those  of  the  other  division.  The  strata  in 
the  Lonan  Group  which  most  nearly  resemble  the  Niarbyl 
Flags  are  the  rocks  which  occupy  the  cliflfe  between  Port 
Mooar  and  Port  Cornah. 

The  prevalent  dips  in  the  Niarbyl  Flags  are  high,  usually 
between  45°  and  75°,  in  a  direction  slightly  to  the  westward  of 
north ;  but  the  rocks  are  everyivhere  buckled  and  folded,  the 
cliff-sections  revealing  fine  examples  of  these  contortions.  (Fig  3.) 

The  folding  appears  usually  to  be  shallower  and  more 
complex  than  on  the  eastern  coast,  and  the  stresses  which 
the  rocks  have  undergone  have  been  more  intense.  The 
strain-slip  cleavage  is  more  strongly  developed  than  in  the 
Lonan  Flags,  and  more  frequently  traverses  and  blurs  the 
bedding.  T?ie  rock-structures  due  to  the  rucking  up  of  the  planes 
of  stratification  in  one  part  of  the  fold,  and  tneir  dragging 
out  and  planing  off  by  stretching  and  shearing  in  another 
part,  are  Deautinilly  developed  in  many  places.  Some  curious 
examples  of  these  structures  are  figured  and  described  in  the 
seouel  (see  pp.  73-86). 

The  inland  boundary  of  the  division  is  evidently  the  north- 
north-eastward  prolongation  of  the  overthrust,  or  £Etult  of  low 
hade,  which  as  already  mentioned  is  seen  on  the  coast  at  The 
NiarbyL  Its  direction  is  oblique  to  the  apparent  strike  of  the 
Flags,  but  is  nearly  parallel  to  the  general  orientation  of  the 
rock-masses  of  the  Slate  Series.  It  brings  the  flags  up 
sharply  against  thinly-banded  argillaceous  rocks  of  ill-(&finea 
character,  which  are  left  as  '  unseparated '  on  the  map.  The 
junction  presents  no  signs  of  passage,  and  there  is  an  absence 
of  that  looping  together  and  alternation  of  the  two  rock- 
types  along  tneir  margin  which  commonly  mark  the  folded 
contact  ol  the  different  divisions.     In  the  coast-section,  the  slates 


*  I  am  indebted  to  Mr.  Allan  Dick,  Junr.,  for  this  analysis. 
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are  seen   to   be   greatly  crushed  and  confused  in  the  vicinity 
of  the  junction,  and  they  appear  to  pass  beneath   the     flags; 
and    the    same    phenomena    are    probably    continued    inland 
along   the  line  of  contact,  though  the  exposures  in  the  interior 
are  inadequate.       Supposing  the  flags   to  be  older  than    the 
slates,   the  apparent    superposition   of   the  former    upon    the 
latter  must  have    been  brought  about    by   overthrust-fiiulting,r; 
and  the  junction  above  described  would  represent  the   thrust- 
plane,     'ihis  supposition  agrees  with  the  general  conditions  in^ 
the  Manx  Slate  Series,    where    it    is    common    to    find    the! 
harder  and  more. massive  strata  breaking  through  the  softer 
beds    with  which  they  come   in  contact,  so  that  the   thicker 
bands  of  grit  and  quarl^ite  Jiave-  often  an  intrusive  dvke-like^ 
aspect,    most    extensive  *  displacements    of    this    kind    being . 
indicated   by  the  *  crush-conglomerates  V  in  the  centre  of  the 
Island.     Hence  there  is  much  likelihood  that  the  Niarbyl  Flags* 
of  the  west  coast  fepresent  tt  block  of  the.  lower  strata  which  hasV 
been  unfolded  and  driven  forwfurd  over  th^  beds  which   once: 
covered  them;  and  the  apparent  absence  of  strata  which  are^ 
requisite  to  corfiplete   the  ^equen^e-.ui   this  quarter  may  be> 
thereby  explained  ; 

In  the  vicinity  of  Peel,  where  the  'boundary  is  affected^by^^ 
th^  Post-Carboniferous  faulting,  the  ground  in  the  interior  is., 
heavily  cove?:ed  by  glacial  deposits,  so   that  the   exact   liriiits 
of  -the  flagS'Cannpt  oe  definea.      They  form  the  ridge  known  ^ 
as  Peel  Hill,  but  seem  to  give  place  to  more  slaty  beds  in' 
the  lower   ground;  to  the  eastward,  south   of  the  Kiver  Neb. 
Where  the  Slates  reappear  in  the  coast-sections  to   the  north- ^ 
ward  of  the  tract  of  Peel  Sandstone,  we  find  among  them'  in 
the-  neighbourhood  of  Ballanayre.  Strand,  an  outlying  patch'  ol 
thickly   bedded,  flags   resembling  the  Niarbyl  Flags  (too  sDjall  -- 
to  show  on  th0  otie-inch  map),  bounded-  by  faults  and  thrust 
planes,  and  on 'two  sides  in  juxtaposition  Iprith  masses  of  *  crush-' 
conglomerate '  iiiado  -  up  of  shea^fed  fira^  of  similar  flags  r 

set  m  a  slaty  lii^xix;    (See  pp.  67-69.)    V- 

Still  farther  northward  there  is  a  strip  of  flaggy  grit,  shown  r, 
on   the  one-inoh  map,  ^Bxtehding^  for  three  mues  south-west- 
ward lro:n  Kirk   MichaeH  which  jnay  pbssibly   represent   the- 
northerly    prolongatibn    of    the   Niarbyl    Flags.     The   strati-, 
graphj  of  this  di^rict  is,  however,  ^  complicated  arid  uncertain 
that  no  confidence  can  be  felt  ^n  the  identification;  and  the 
strip  b.is  th^reford  JJeen  indicated  on  the  map  simply  as  a  belt  . 
of  grit,  without  correlation.  .  ^  .• 

Tlie  Niarbyl .  Flag^  are  traversed  at  mtervals  by  igpieous 
dykes  of  diverse '  age  Ahd  composition  (|ee  pp.  146-9);  but  these 
mtrusions  are  not  nearly  so  abun^liiiitHjs  on  the  opposite  side 
of  the  Island.  \  ,..  ,  ' -^  .  i"'    .  .« 

Consider'able  interest  attabhos  iQ^^ajTsnjkiJl'i  patch  of  andesitic 
Dreccia  which  occurs  close  to  the  margin  of  the  Niarbyl  Flags 
at  Ballnalargy,  about  half  a  mile  sOuth,  of  Glen  Meay,  as  it 
affords  the  only  r^coguisable  example  of  true  volcanic  material 
associated  with  the  Manx  Slaves  whiqh  has  been  found  during 
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the  ccmrise  of  the  Survey.  It  is  poorly  expoded,  and  its  relation 
to  the  surrounding  rooks  is  obscure  (see  p.  163);  but  from  the 
deformation  which  the  material  has  undergone,  its  eruption 
if  not  actually  contemporaneous  with  the  deposition  w  the 
fla^  must  have  taken  place  prior  to  the  great  earth-movements 
which  have  affected  them,  and  therefore  at  a  period  long  prior 
to  the  Carboniferous  period- 
Fuller  details  in  regard  to  the  local  development  of  the 
Niarbyl  Flags  will  be  lound  in  the  next  chapter. 

■    '  •  •  ■'  •  .    ..    '     . 

The  Agnoa3ii  Grits. 

Scarcely  any  portion  of  the  Manx  Slates  is  wholly  free  from 
sandy  intercalatioi^.  Even  where  their  argillaceous  character  is 
naost  conspicuous,  as  in  the  Barnile  Slates,  it  is  occasionally 
brpkea  by  streaks  of  gritty  naaterial,  while  in  the  flaggy  divisions 
the  arenaceous  element  is  always  present  and  sometimes  pre- 
dominant. Hence  it  is  evident  that  the  basin  of  accumulation 
was  receiving  supplies  of  sandy  material  in  a  greater'  or  less 
degree  during  every  stage  in  the  sedimentation  of  the  series,  and 
it  is  most  probable  that  the  deposition  of  sand  in  one  part 
went  on  coritemporaneouslv  with  the  deposition  of  mud  or  clay 
in  an  adjacent  tract.  Under  such  circumstances  the  boundaries 
of  the  diiferent  sediments  are  not  likely  ever  to  have  been 
sharply  defined,  and  moreover  their  original  limits  have  since 
been  throTyn  into  utter  confusion  by  the  folding  and  crushing 
together-  of  the  striata  The  attempted  demarcation  of  the  chief 
nui^ses  of  grit  has  therefore  proved  an  extremely  difficult  task, 
especially  where  the  flaggy  grits  of  the  divisions  above  described 
lay  adjacent  to  the  gritty  flags  now  to  be  considered,  or  where 
tpn-bedded  grits  gave  place  gradually  to  slates,  through  the 
thickening  of  the  argillaceous  partings  with  a  correlative 
thinning  of  the  sandy  layers.  The  boundary  lines  of  the  grits, 
as  shown  on  the  map,  are  therefore  necessarily  to  some  extent 
arbitrary  and  diagrammatic. 

With  this  warning  as  to  the  uncertain  value  of  the  boundaries 
adopted,  we  will,  commence  with  the  study  of  the  largest  and 
most  readily  distinguishable  of  these  grit  masses,  viz.,  that  to 
which  we  have  appued  the  term  *  Agneash  Grits.' 

These  grits  are  developed  between  Maughold  Head  and  the 
oentral  v^ey,  along  the  north-western  edge  of  the  Lonan  Flags, 
and  might  indeed  be  considered  as  a  gritty  phase  of  that  division. 
The  name  adopted. for  them  is  taken  from  the  Agneash  Crags. 
(Creg  Agneash)  overlooking  the  Laxev  valley,  in  which  they  are 
typically  exhibited.  They  consist  of  greyish  splintery  grits  or 
imperfect  quftrtzites,  occurring  in  flaggy  layers  oi  a  few  inches  to 
a  foot  or  two  in  thickness,  usually  separated  by  thin  argillaceous  • 
partings.  The  sandy  component  is  mostly  of  fine  texture, 
though  occasionally  there  are  bands  in  whicn  the  larger  grains 
attain  a  diameter  of  3  to  5  millimetres.  A  conspicuous  char- 
acteristic of  these  rocks  is  the  manner  in  which  narrow  strings 
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of  vein-qliartz,  ranging  up  to  about  half  an  inch  in  thicknecw., 
traverse  the  grit- bands  in  every  direction,  filling  an  irregular 
system  of  crevices  by  which  the  grit-bands  have  been  cut  up 
into  cubes  of  variable  size  and  shape.  Quartz-segregations  are 
abundant  in  every  division  of  the  Manx  Series,  usually  occurring 
in  irregular  reefs  or  gashes  of  more  or  less  lenticular  outline, 
or  in  long  dyke-like  veins ;  but  this  kind  of  criss-cross  streaking 
of  the  rock  with  innumerable  Uttle  strings  of  quartz  is  confined 
to  the  purer  grits.  The  superior  hardness  of  these  beds  has 
caused  them  to  shatter  durmg  acute  folding  in  places  where 
the  more  plastic  fla^s  and  slates  amid  which  they  lie  have 
been  squeezed  and  deformed  with  scarcely  any  actual  rupture ; 
and  quartz  has  then  gradually  infiltrated  the  crevices,  and  re- 
cemented  the  bands. 

This  shattering  and  veining  appears  to  be  a  common  feature 
in  regions  where  quartzites  or  hignly  indurated  grits  have  been 
subjected  to  severe  pressure  and  movement.^  It  is  the  first 
stage  in  the  production  of  *  crush-conglomerate.' 

The  stresses  which  these  grits  have  underffono  are  beauti- 
fully illustrated  by  the  crumpled  and  buckled  condition  of 
the  bedding  wherever  sections  are  revealed.  Their  complicated 
flexures  are  apparently  the  result  of  folding  and  refolding,  and 
the  simpler  isoclinal  type  of  plication  found  in  the  flags  and 
banded  slates  is  rarely  displayed. 

The  strain-slip  cleavages  are  far  less  evident  in  the  grits  than 
in  the  softer  rocks  adjacent  to  them,  and  are  often  only  indicated 
by  a  slight  tendency  to  fracture  in  a  definite  direction.  Never- 
theless the  microscopic  examination  of  the  rock  in  thin  slices 
usually  demonstrates  that  dynamic  action  has  affected  every 
particle  of  it  (see  pp.  97-9). 

The  most  northerly  exposure  of  the  Ameash  Grits  lies  in 
the  upper  portion  of  the  cliffs  at  Mau<j^hold  Head  between 
Traie  Curn  and  Traie  ny  Foillan,  where  highly-plicated  quartz- 
veined  gritty  flags  with  rather  thick  intercamtions  of^  more 
argillaceous  material  are  revealed.  The  inland  extension  of 
these  grits  is  hidden  by  the  drift  which  fills  the  Port  Mooar 
valley ;  and  they  are  probably  displaced  by  faults  which  range 
through  this  depression.  Aoout  a  mile  to  the  westward,  the 
rocky  ground  near  Magher-e-breck  exhibits  an  outcrop  of  much- 
disturbed  grit,  including,  among  flaggy  beds,  a  massive  band  of 
coarser  grain  which  was  not  recognised  in  the  cKff-section. 
The  same  beds  may  bo  traced  thence,  at  intervals,  into  the 
Comah  valley,  where  they  are  well  displayed  in  the  crags  to 
the  south-westward  of  the  hamlet  of  Corrany.  From  this 
place  they  extend  Avestward  along  the  steep  valley-slopes 
nearly  to  the  old  Gloncherry  Lead  Mine,  and  expand  into  a 
broad,  belt,  broken  by  slaty  ard  fi^iggy  intercalations  or 
infolds,  on  the  moorland  ridge  to  the  southward.     In  climbing 

^  See  "Some  Dynamic  Phenomena  shown  by  the  Baraboo  Quartzite 
Ranges  of  Central  Wisconsin,"  by  C.  R.  Van  Hise.— Journ.  of  Geol.  of 
Chicago,  vol.  i.  (1893),  pp.  347-355. 
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southward  out  of  the  valley  near  the  old  mine  we  cross 
repeated  outcrops  of  a  massive  coarse-grained  grit-band  like 
that  seen  near  Magher-e-breck.  These  are  almost  certainly 
the  repetition  of  a  single  bed  by  folding,  though  the  steep 
and  sometimes  nearly  vertical  west-north-westerly  dip'  gives 
the  impression  of  a  thick  sequence  of  coarse-grained  grits.  The 
band  seems  to  ascend  the  hill-slope  in  a  succession  of  sharp 
shallow  folds. 

The  grits  range  nearly  to  the  summit  of  Slieau  Ouyr,  1,483 
feet  above  sea-level,  and  form  the  flanks  of  Slieau  Lhean,  1,606 
feet,  an  adjoining  summit  of  the  same  ridge,  but  do  not  reach 
quite  to  its  crest.  Thence  they  are  continued  southwards 
into  the  bold  Agneash  Crags  overlooking  the  Laxey  valley. 
They  probably  extend  into  the  bottom  of  this  valley,  but  here 
as  elsewhere  when  smoothed  down  in  stream-beds  by  fluviatile 
erosion,  they  are  not  easy  to  distinguish  from  the  Lonan  Flags 
by  which  they  are  bounded.  On  the  southern  side  of  the 
valley  they  are  readily  recognisable  in  the  rocky  slopes  of 
CrouK  y  Yaare,  land,  on  the  moorlands  beyond,  their  outcrop 
expands  to  a  width  of  nearly  two  miles,  reaching  from  near 
Baljean  on  the  east  to  the  westward  of  the  summits  of  Mulla^h 
Ouyr  and  Cam  Gerjoil  (1,457  feet).  In  this  space,  however,  the 
grits  are  interspersed  with  numerous  belts  of  more  argillaceous 
composition,  probably  representing  infolds  of  the  overlying 
strata,  the  field-evidence  suggesting  that  an  irregular  zone 
made  up  of  the  folded  pts  approximates  in  this  neigh- 
bourhood  to  the  plane  of  the  present  surface  ot  the  moorland, 
and  that  this  zone  is  almost  cut  through  by  the  deeper 
valleys,  and  slightly  overtopped  by  the  higher  hills.  The  same 
structure  is  suggested  by  tne  behaviour  of  the  grits  in  other 
districts  of  the  Ishuid ;  but  these  zones  of  buckled  grit  appear 
themselves  to  have  been  thrown  into  folds,  and  further  com- 
plicated by  shear-planes  and  faults,  so  that  they  rarely  extend 
far  in  the  same  plane. 

Southward  from  Cam  Gerjoil  the  quartz  -  veined  grits 
continue  to  predominate  on  the  gradually  descending  plateau 
lying  to  the  eastward  ot  the  Baldwin  valley,  but  with  a 
contracting  outcrop  as  the  lower  levels  are  reached,  so  that 
where  they  cross  the  valley  at  the  junction  of  the  Baldwin 
and  Glass  their  width  seems  to  be  less  than  half  a  mile. 
They  are  well  exposed  on  the  southern  ascent  from  this 
valley,  but  on  reaching  the  crest  they  disappear  beneath  the 
drifts  which  cloak  the  gentler  slopes  descencung  to  the  Dhoo, 
and  are  no  more  seen  in  an  identifiable  form.  If  prolonged 
without  change  of  strike  into  the  central  valley  of  the  Island  and 
to  the  southward  beyond  it,  they  would  traverse  comparatively 
low  ground  which  is  mostly  cultivated  and  almost  con- 
tinuously drift-covered,  wherein,  therefore,  rock  exposures  are 
infrequent  and  of  small  extent.  So  far  as  the  evidence  goes 
however,  the  rocks  within  this  area  are  chiefly  banded  slates 
alternating  with  slaty  flags,  somewhat  resembling  the  Lonan 
Flags,  but  not  to  be  correlated  with  certainty  with  any  division, 
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and  Aerefore  left'unse'parated'  on  the  itnap:  <3ritty  inter- 
calations do  occur  here  and  there  among  these  r()cks'(see  p.  16?), 
biit  seem  always  to  be  of  very  limitSi  exttot,  and  snow  no 
features  by  which  they  might  be  identified  with  thie  Agneash 
Grits.  •     •  '  •  ' 

These  obscure  conditions  continue  to  the  srathwa'rd  of 
the  cehtral  Talley  for  six  or  eight  miles,  after  ^^ch,  mass^ 
oi  quartz-veined  grit  and  quartzite,  comparable  in  appearance 
aiid . stratigiuphical  position 'to  the  Agneash  Grits/ ai^'  &gftin 
etiieountered,  and  may  be  followed  thencie;  >«rith  SOind  int^- 
rdption^,  to  the  south-western  extremity  of  the  Island.*  The' 
correlation  of  these  southern  g^its  with  the  Agnigash  Grits,  though 
highly  OTobable,  cannot  be  established  with  any  ci^rtaility,  m 
view  of  The  possibility,  already  discussed,  of  the  developiiient  of 
ai^naceous  rocks'  at  different  horizons  iri  the  seri^.  '  iTie  use 
of  the'  same  symbol  and  the  i^m'^  colout  for  Separate  grit- 
masses  on  the  published  m£tp  m^dst'  not,  therefoi^,  be  £i&e|i 
fo  imply  that  tney  have  all  beto  proved  to  occur  at*  tli^  sisdne 
horizon.  The  indication  of  separate  tracts  in  ^  this  thailher  hto 
reference  primarily  to  their  litholo^cal  character,  atid-not" 
necessarily  to  their  stratigraphical  position.  ' 

The  nearest  equivalent  of  the  Agneash  Grits  in  positioti 
and  general  character  in  the  south  of  the  Island  seem^  td 
be  the  strip  which  occurs  at  the  northern  margin  of  the 
Carboniferous  basin,  north  of  Ballasalla,  in  a  ravine  of  Awin 
Buy,  the  tributary  of  the  Silverburn  which  flows  southward 
from  St.  Marks.  Attention  has  been  called  to  this  otitcrop 
by  Prof.  Boyd  Dawkins^  in  discussing  the  origin  of  tli6 
quartzite  pebbles  in  the  Carboniferous  Conglomerate.  The 
beds  of  flaggy  grit  or  quartzite,  which  are  stained  red 
for  some  distance  from  their  junction  with  the  Carboniferous 
rocks,  have  a  general  dip  southward,  but  are  evidently 
liiuch  disturbed.  They  may  with  difficulty  be  traced  north- 
eastward from  the  principal  exposure  for  about  a  rtiile,  and  thdn 
seem  to  wedge  out  among  softer  flags  and  striped  slated. " 

Belts  of  similar  grit  crop  out  on  the  opposite  side  of  the 
Carboniferous  basin,  to  the  westward  of  the  boundairy 
fiiult.  One  of  these  forms  the  Cronnag,  a  low- water  reef  off  the 
shore 'at  Kentraugh,  and  reappears  on  the  other  side  of  Bay' 
ny  Carrickey,  at  Gansey  Point  and  Port  St.  Mary  harboiiir;  and 
again  in*  Perwick  Bay.  These  are  probably  infolded  sbtirs' 
from  a  larger  mass  which  occupies  the  high  grouna  to 
the  westward  of  Port  St.  Mary,  extending  into  Mull  Hill. 
Inr  this  locality,  again,  the  lithological  and  structural  characters 
of  the  strata  —  pale  greyish  gnts  or  imperfect  quattzites  in 
flaggy  bands  of  varying  thickness,  streakea  in  every  direction 
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*  *  Trans.  Manchester  Geol.  See,  vol.  xx.,  p.  64.  Prof.  Dawkins  states 
the  thickness  of  the  quartzites  in  this  section  to  be  632  feet,  but  this  is 
evidently  only  an  estimate  based  on  the  angle  of  dip  and  breadth  of  out- 
crop, and  on  the  supposition  that  there  was  no  structural  complication  in 
this  locality. 
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Uy  xiihi  VOIDS  of  qimnz,  said  ridged  up  inV6  ilrregiilfti*  folds— 
bdct'-ever^  res^embWcri' to  those  of  thfe  A^"e^^h  Qrits.    fhe' 

gfeVtfbSnt    dip  is^'towiitfis  sobtli-south-eajst,  lit  atigles  lisuall'v 
it^e^n'3(yandtS0V   • -'         

Rocks  of  more  argillaceous  type  bound  these  Mull  Hill  grits 
on  the  south,  but  only  occupy  a  breadth  of  }  of  a  mile,  after 
which  quartz- veined  flaggy. grit]^.^aili«^ appear,  a  few  hundred 
yards  before  the  coast  is  reached,  and,  extend  into  the  cliff- 
sections  of  Kioney  Ghog'gjafa.  iTiis'is  evidently  a  repetition  of 
the  former  mass,  eith*%^  foldteg>Ur^fltfll&ig.  In  the  cliiFs  the 
dip  is  low,  rarely  reaching  20^,  and  in  one  portion  of  the  section 
in  Bay  Stacka  the  grits  appear  to  rest  conformably  on  strongly 
striped  slates  possessing  a  similarly  low  dip.  The  apparent 
stratigraphical  simplicity  of  this  section,  commented  on  bj 
Gumming  and  others,  is,  however,  probably  delusive,  since  the 
beds  turn  up  sharply  on  edge  a  short  distance  inland,  and  the 

Sresence  of  an  extensive  recumbent  fold,  partly  removed  by 
enudation,  like  that  on  a  smaller  scale  revealed  in  the  cliiF  at 
Maughold  Head  (Fig;.  2,  p.  32),  mav  be  suspected,  in  which  case 
the  present" superposition  of  the  beds  reverses  the  true  order 
(see  p.  174). , 

The  moderate  seaward  dip  of  the  strata  in  this  section  has 
faciliiated  die  slipping  forward  of  the  ^jts  over  the  slates  in 
the  vicinity  of  the  clift^  thus  opening  the  joints  of  the  former  into 
into  deep  gaping  fissures,  known  as*  The  Chasms,  which  attract 
many  visitors  to  this  part  of  the  coast. 

These  grits,  along  with  those  of  Mull  Hill,  end  off  rather 
abruptly  westward,  jperhaps  truncated  by  a  fault  which  strikes 
across  from  Bay  Fme  in  the  direction  of*  Bay  Stacka.  .The 
sections  do  not,  however,  serve  to  demonstrate  the  extent  of  the 
fault,  urid  the  disapj)earance  of  the  grits  might  as  readily  be 
ascribed  to  the  plungmg  or  '  pitchiog '  of  the  folds  (see  p.  47)^ 

North  of  Mtill  Hill  there  is  an  ihteryal  of  about  a  mile  mostly 
drift-cOvered,  in  which  thin-bedded  atgillaceoUs  rocks  appear  to 
prevail,  after  whi<ih,at  the  northern  side  of  Port  Erin,  strips  of 
quartz-veined  grit  are  again  in  evidence,  and  recur  several  times 
between  thid'  pmce  and  Flesh  wick  The  ffiagnificent  cliflf-sections 
of  Bradda  Head  reveal  most  clearly  the  extraordinary  complica- 
tions of  these  gritty  zones  among  the  more  or  less  slaty  beds  which 
surround  them  Differential  movement  around  the  borders  of 
these  hard  bands  on  the  westward  side  of  Flesh  wick  ^las  broken 
up  a  jportion  of  the  grit,  and  dispersed  the  fragments  through^a 
matnx  of  sheared  slate,  thus  forming  patchies  of  *  crushrCOi>- 
glomerate' (see  p.  171).  ' 

On  the  higher  moorland  ridge  north  of  Fleshwick,  extending 
from  Camanes  to  Lhiattee  ny  Beinnee,  there  are  excellent  rock- 
exppsures,  .revealing  seyeral  brpad  belts  of  highly  sheared  grits 
or  quartzites  of  the  Agno^sh  type,  with  intervening  tracts  of 
thinly  bedded .  sflates.  This  locahty  is  very  favourable  for  the 
study  of  the .  stratigraphical  relations  of  these  grits  and  slates 
as  their  outcrops  may  be  traced  across  the  plateau  into  the 
craggy  precipitous  slopes,  800  feet  or  more  in  neight,  that  form 
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its  seaward  termination.  It  is  then  seen  that  these  belts  ot 
rather  steeply  dipping  strata,  200  or  300  yards  in  width  on  the 
plateau,  contract  when  traced  in  the  chm  into  narrow  plicatod 
bands  which  may  not  have  been  more  than  say  50  or  60  feet  in 
original  thickness.     The  breadth  of  the  outcrop  on  the  flat 

Fig.  4. — Map  of  coast  and  ticimty  north  qf 
Fleskioick  Bay. 

Scale  4  inches  •=  1  mile. 


B    Olivine  dolent«  dykes  (Tertiary  1) 

B"  Greenstone  dyke  w  th  large  cnianed  fi 

B°  Altered  gr  en  lone  dykes 

F    Micro-granite  djke  [Foxdale  Granite  type),  broken  mto  segments. 

The  gntaare  rujiresented  by  stippling. 

The  shading  inaicates  the  shape  of  the  ground, 

ground  depends  entirely  upon  the  relation  of  the  plane  of  the 
surface  to  tlio  plane  of  the  crumpled  sheet  of  rock,  and  gives 
no  indication  whatever  of  its  thickness.  In  the  cliflfe  these 
plicated  sheets  are  seen  to  describe  great  curves,  sweepir^  down 
to  sea-level  and  then  rising  again  to  the  surface  of  the   plateau. 
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as  shown  in  the  annexedground-plan,  Fig.  4,  slightly  reduced 
from  the  six-inch  map.  Their  continuity  is,  however,  broken 
in  places  by  faults  or  tnrust  planes. 

From  the  summit  of  the  ridge  the  grits  appear  to  strike 
inland  north-eastward,  in  long  tongues  which  cross  a  wide 
drift-covered  depression  and  then  traverse  the  parallel  ridge 
of  Slieau  Earystane,  where  some  of  the  strips  seem  to  me 
out ;  but  one  or  two  are  continued  into  the  southern  slopes 
of  South  Barrule,  the  last  traces  of  them  being  lost  in  a 
rerion  of  severe  crushing  and  partial  brecciation  (see  p.  169). 

It  is  reasonable  to  suppose  that  the  whole  of  these  southern 
grits  are  portions  of  one  and  the  same  plicated  and  faulted  sheet, 
corresponding  in  structural  arrangement  to,  and  perhaps  once 
actually  conterminous  with,  the  .^^eash  Grits  oi  the  northern 
area.  The  difficulty  found  in  each  case  in  tracing  the  grits 
towards  the  centre  of  the  Island  may  be  due  to  some  structural 
peculiarity  affecting  the  rocks  in  tne  vicinity  of  the  central 
valley  wnich  has  not  yet  been  unravelled,  since  there  are 
compUcations  in  the  arrangement  of  the  Barrule  Slates  equally 
with  the  grits  towards  this  quarter,  that  division  also  here 
showing  a  narrowing  of  outcrop  both  from  the  northward  and 
southward.  The  complication  may  be  in  some  way  connected 
with  the  intrusion  of  the  Foxdale  Granite  (see  p.  168  );  or  may 
be  the  result  of  transverse  folds  crossing  the  axes  of  the 
earUer  folds.  On  the  other  hand  the  difficulties  in  question 
may  arise  simply  from  lateral  changes  in  the  character  of 
the  sediments. 

There  is  a  curious  point  in  relation  to  the  general  direction  of 
dip  in  the  grits  and  thicker  flags  as  compared  with  that  in 
the  more  argillaceous  rocks  oi  the  senes  which  deserves 
careful  attention.  It  is  that  the  prevalent  dips  of  the  harder 
and  more  thickly  bedded  strata  are  almost  invariably  many 
degrees  fsirther  rrom  the  north  and  south  Une  than  are  those 
of  the  more  slaty  rocks,  even  where  the  different  types  are 
in  close  proximity.  In  the  slates  the  dominant  aips  are, 
respectively,  about  N.N.W.  and  S.S.E.,  from  the  opposite 
sides  of  the  central  axis,  agreeing  closely  with  the  dominant 
cleavage-dips,  and  rarely  divergmg  sufficiently  to  attain  a 
N.W.  or  o.E.  direction.  In  the  grits,  on  the  other  hand, 
especially  in  the  interior  of  the  Island,  north-westerly  and 
even  west-north-westerly  dips  are  common.  We  also  find  that 
the  orientation  of  the  rock-masses,  whether  of  slate  or  grit, 
as  brought  out  by  the  mapping,  is  rarely  at  right  angles  to 
their  general  dip,  but  is  almost  always  more  nearly  nortn  and 
south  than  would  have  been  inferred :  that  is  to  say,  the  true 
strike  cannot  be  deduced  from  the  dips  alone.  This  peculiarity, 
again,  is  more  strongly  exhibited  m  the  grits  than  in  the 
smtes,  hence  causing  an  appearance  of  unconformabiUty 
between  the  different  divisions  when  represented  on  the  map, 
which  the  field-evidence  shows  to  be  misleading.  This  point 
will  be  further  discussed  when  thQ  *  Crush-conglomerates '  are 
described 


46  The  Manx  Slatbs. 


Other  eastern 


On  tHb  eastern  siJe  of  tKe  Isliaijid,  besides/ the  grits  "already 

described  there  are  some  strips  of  similar  composition  ^lyiHg 

within  the  boundary  adopted  for  theXdhahTlags*  and 'apparently 

forming    part   and    parcel    of '  that   division,   though,   as  Ihey 

possessed  oistinguishable  charivcters,  they  have  been  separated 

out  on  the  map  and  indicated  by  the  grit  colour  and  symbdL 

That  these  may  represent  deep  isolated  infolds  of  the  Agneash 

Grits  is  not  impossible,  but  it  is  more  probable  that  they  occupy  a 

dffFerent  and  lower  horizon,  and  piay  indeed  be  the  oldest  rocks 

exhibited  in  the   Manx   Slate   Series.     In  general   litholoSical 

character  they  for  the  most  part  resemble  the  Agneash  Grits,  but 

are  sometimes  rather  darker  in  colour  and  coarser  in  tiexture*. 

One  narrow  belt  of  this  kind  is  exposed  among  tiie  Lohan 

Flags  QTL  the  north  side  of  Clay  Head  and  may  be  prolonged 

inland,  parallel  to  the  coast,  until  it  is  again  intercepted  by  Che 

!ribrthem  shore  of  Douglas  Bay;  and  at  the  Nunnery* dii'tKe 

south-western  outskirts  of  Douglas,  and  again  s^iU  mrtket'^to 

'the  south,  similar  grit-bands  are  found  on  approximatefy-'lKe 

same  line  of  strike.  '  '  '  . 

A  much  larger  and  more  interesting  tract  of'gritiy  idSls 
occurs  in  the  cliffs  and  vicinity  of  the  coast  around  St  A^^'s 
^&,nton)  Head.    Some  of  these  grits  are  coarser  tlian  any  <>flier 
in  the  Manx  Slate  Series,  being  occasionally  almost  conglomerate 
in  texture.     They  are  interbedded  in  jhick  massivebarids  amd% 
flaggy  strata  of  the  Loiian  tyT)e.     In  some  nfeccs,  frpna   ihim 
unyielding  character,  these  banas  when  folded  nave  burst  ablpd§s 
^the   beddmg   planes   of  the   softer  strata  with  which -l^ey^aie 
associated,  so  mat  the  junction  presents  a  misleading  aspwt. of 
linconformitv  or  intrusion,  but  in  other  sections  it.  is  keeik  thkt 
they  are  folded  conformably  with  the  flags.      The  larger  partidf(^ 
of  these  grits  attain  to  about  J  inch  (5  to  8  nim.)  in  diamot'ef^'aiMi 
consist  -chiefly  of  bits  of  fine-grained  arenaceous  rocks^  vfelfi- 
guartz,   felspar,  etc.,  with  a  few  fmgments  bf^andesitic'lrodk 
These  particles  are  frequently  drawn  out  into  lentldleSs  by  dfe 
pressure  wljich  the  rock  has  undergp^e/ while  little  wisps  of  slate, 
sometimes  an  inch  or  two    in  length  bui  oily  a   few   lip^ 
thick,  scattered  through  the  mass,  seem  to  represent  the  shred- 
ding up  of  thin  shaly  partings  by  the  sam^    agency.     Thdse 
features  are  admirably  displayed  in  microscopical  sections  of  the 
rock,  as  described  on  a  later  page  (98). 

These  coarse  gritjS  are  well  exposed  in  the  rugged  cliffs  oh 
the  southern  siae  ot  St.  Anil's  Head,  arid  extenu  inland  for 
,300  or  400  yards.  When  traced  round  the  headland  '  north- 
ward, they  are  seen  to  'nose,  out'  at  the  foot  of  the  cliff -in  a 
succe|ssion  of.  sloping  ^  anticlines,  iu  shape  like  the  '  rounded 
bows  of  upturned  canoes,  an  appearanciB*  due  to  the  eai^tVai-d 
*  pitching '  of  the  ridges  of  the  folds,  in  this  place  at  an  ianjjfe 
of  about  20",  hut  varying  in  difterent  parts  of  the  oiitorbt). 
Whenever  tilting  or  'pitching'  of  the  folds  of  this  kind  occurs, 
the  structure  must  have  an  important  effect  upon  tJie  strati- 
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grapliy  and  may  often  be  held  accountable  for  tbe  disappearance 
of  beds  along  the  lino  of  their  apparent  strike.  In  the  present 
example  the  strike  of  the  mts  at  the  top  of  the  clifi"  would  lead 
one  to  infer  that  they  would  reappear  on  the  opposite  side  of  the 
little  bay,  but  they  are  carried  down  below  sea-level  in  the 
interval  by  the  easterly  pitch  of  the  folds, 

FiG.  5.-— ^Idealized  sketch  of  cliff,  skoiving  pitching  qf 
/olds,  based  on  strncttire  seen  on  northern  side  o/ 
St.  Ann's  Head. 
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Similar  massive  bands  of  coarse  grit  and  quartzite,  probably 
rcpresoDtidg  die  same  horizon,  make  their  appearance  in  the  elitts 
here  and  there,  in  short  disjointed  segments  as  if  cut  up  by 
faults,  both  to  the  southward  of  St.  Ann's  Heiul  as  far  as  the  edge 
of  theCarbpniferous  basin  at  Cass-ny-hawin, and  to  the. north \vara, 
at  Coolebegad  beyond  Port  Soderick.       i  i 

GritB  Test  of  the  main  «xi6. 

' ■  'The'  difficulty  in  corrtlatiiig  the  strata  oii  the  western  side 
of  the  IsUnd  with  those  on  the  eastern  luis  betin  a}rea<l^ 
discaised.     In  regard  to  the  grits,  it  remains*  ftltr.gethcr  doubtful 
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whether  there  be  any  equivalent  of  the  Ameash  Grits  to  the 
westward  of  the  central  axis,  for  though  in  fids  region  there  are 
some  narrow  belts  of  gritty  character,  these  are  always  of  limited 
extent  as  compared  with  tne  eastern  tracts,  and  cannot  be  proved 
to  occupy  the  same  horizon. 

In  the  north  of  the  Island,  strips  of  flaggy  grit,  with  one 
rather  massive  band  of  quartzite  which  has  been  shown  on 
the  one-inch  map,  occur  among  the  *  unseparated '  rocks  of  the 
eastern  coast  to  the  northward  of  Maughold  Head.  Another 
wedge  is  seen  near  the  margin  of  the  *  crush  conglomerate  *  at 
Clagnbane,  in  the  steep  brow  overlooking  Ramsey.  These  and 
another  strip  at  the  headwaters  of  Glen  Auldyn  are  almost 
certainly  distinct  from  the  Ameash  Grits.  But  on  the  moorland 
to  the  westward  of  Glen  Aiudyn  there  is  a  larger  patch  of  grey 
flaggy  quartz-veined  ^t  or  quartzite,  set  in  a  rim  of  '  crush- 
conglomerate,*  which  IS  decidedly  of  the  Agneash  tjrpe :  while  in 
Sulby  Glen,  two  miles  farther  westward,  a  still  larger  mass  of 
similar  grits  is  revealed  in  the  high  crags  which  border  the  valley 
on  both  sides. 

On  the  western  slope  of  the  Sulby  valley  the  last-mentioned 
grits  ascend  to  the  summit  of  Mt.  Karrim  (1,084  feet),  flanked  on 
the  east  by  the  main  mass  of  *  crush-conglomerate,'  and  on  the 
west  by  *  unseparated  *  slates  and  flags.  The  violent  contortions 
into  which  the  strata  have  been  thrown  in  this  district  are 
admirably  displayed  in  the  craggy  walls  of  the  valley  (see 
p.  61,  Fig.  7). 

Another  strip  of  grit,  probably  a  repetition  of  that  last 
described,  occurs  two  miles  farther  up  the  same  glen,  between 
Craigmooar  and  Druidale ;  this  also  is  fringed  in  places  on  the 
east  oy  '  crush-conglomerate.* 

Near  the  head  of  Glen  Dhoo,  the  next  valley  to  the 
westward  of  Sulby  Glen,  an  ill-defined  belt  of  gritty  rock,  shown 
on  the  map,  is  revealed,  which  is  of  difierent  character  from 
the  above,  more  closely  resembling  the  arenaceous  part  of  the 
Lonan  Flags  than  the  Agneash  Grits ;  but  it  has  been  much 
altered  from  its  original  aspect  by  shearing  (see  Fig.  26,  p.  81). 
There  are  other  smaller  patches  of  similar  composition  amon^ 
the  *  unseparated  *  rocks  of  this  part  of  the  Island,  which  coula 
not  be  shown  on  the  map.  Still  farther  west,  on  the  outer 
slope  of  the  mountains,  a  gritty  zone  may  be  traced,  with  many 
interruptions  and  intercalations,  from  the  western  flank  of  Slieau 
Cum  south  of  Ballaugh,  to  Kirk  Michael,  and  thence  along  the 
edge  of  the  hills  to  Ballakaigen.  Its  constituent  strata  are, 
however,  often  of  the  muddy  greywacke  type  and  not  pure  grits ; 
and,  as  mentioned  on  a  former  page,  these  may  represent  the 
Niarbyl  Flags  of  the  coimtry  further  south. 

About  a  mile  to  the  southward  of  Ballakaigen  another  wedge 
of  grit  sets  in,  nearly  on  the  same  line  of  strike  as  the  previous 
belt  but  of  different  lithological  character,  and  is  prolonged  from 
from  Knocksharry  to  Poortown  along  the  crest  of  tne  ridge 
that  borders  the  Peel  Sandstones.  Jt  includes  some  massive 
quartz-veined  bands,  and  also,  near  its  northerly  termination  at 
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Creggan  Mooar,  a  highly  sheared  coarse  grit  somewhat 
resembling  the  St.  Ann's  Head  rock,  with  particles  three  or 
four  mm.  in  diameter,  among  which  are  bits  of  andesite.  In 
hand-specimens  this  bed  has  somewhat  the  aspect  of  an 
ash,  but  it  appears  to  be  a  true  grit.  (See  petrographical 
description  p.  99.) 

Flaggy  gnts  are  visible  in  many  places  in  the  interior  of  the 
Islana  between  the  two  belts  of  fiarrule  Slate,  especially  at 
the  lower  levels,  but  are  not  often  well-exposed,  or  sufficiently 
traceable  to  be  shown  on  the  one-inch  map.  They  are  often 
associated  with  arenaceous  mudstones,  scarcely  to  be  distin- 
guished from  the  grits  but  without  the  criss-cross  quartz 
veining  and  possessing  in  other  respects  the  characters  of  the 
flaggy  divisions.  The  gritty  belt  shown  on  the  map  at  Dreem- 
beaiy,  a  mile  to  the  eastward  of  Glen  Helen,  is  of  this  natiure; 
and  "likewise  the  strip  occiurring  south  of  the  central  valley,  in 
Glen  Rushen,  and  striking  thence  to  the  western  coast  south  of 
Niarbyl  Bay.  It  is  douotful  whether  these  rocks  should  be 
classed  with  .the  Grits  or  with  the  Flags. 

The  narrow  belt  seen  on  both  sides  of  the  central  valley 
about  a  mile  to  the  eastward  and  south-eastward  of  St.  John's, 
in  quarries  where  it  has  been  worked  for  road-metal,  is  of 
different  character.  Its  chief  constituent  is  a  hard  splintery  dark 
blue  rock,  somewhat  pyritous,  composed  of  an  admixture  of 
coarsish  sand  and  fine  argillaceous  material,  occurring  in  layers 
one  to  two  feet  thick,  with  slaty  partings.     (See  p.  164.) 

The  relations  of  these  grits  to  the  other  divisions  will  be 
further  discussed  on  a  subsequent  page. 

The  BarriQe  Slates. 

This  division  where  developed  in  force  is  lithologically  the 
most  distinct  and  stratigraphically  the  most  persistent  member 
of  the  Manx  Slates,  and  has  therefore  an  especial  value  for  the 
student  of  the  series.  It  consists  of  dark  blue,  somewhat  altered 
clay-slate,  and  is  traceable,  with  scarcely  an  interruption,  through 
the  main  hill-chain  of  the  Island  from  coast  to  coast.  From  its 
homogeneous  composition,  and  from  the  shearing  which  it  has 
undergone,  its  original  beddmg  planes  are  rarely  distinguishable 
excepting  where  me  rock  is  polished  by  wave  or  stream  action, 
and  even  then  are  sparingly  revealed.  Its  weathering  and  fracture 
are  determined  by  the  secondary  planes  of  strain-slip  which  have 
been  imparted  to  it  by  earth-movement.  These  planes  are 
frequently  glossy  from  the  sericite  which  has  been  developed 
upon  them,  and  the  rock  then  deserves  the  term  "  phylhte," 
wnich  has  been  applied  to  it  by  Prof  Dawkins.^ 

This  shear-structure  is  so  predominant  in  the  rock  that  its 
apparently  homogeneous  character  may  be  partly  due  to  its 
argillaceous  strata  having  been  kneaded  and  squeezed  together 

1  Trans.  Manchester  Geol.  Soc.,  vol.  xx.,  p.  53. 
3194.  ^ 
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so  that  tho  original  lamination  has  been  lost.  Under  such 
conditions  it  is  even  possible  that  a  mass  resembling  the 
Barrulc  Slates  might  be  produced  from  some  of  the  striped  slates 
of  the  '  unseparated  *  areas.  But  while  it  is  clear  that  patches  of 
tliese  bandeu  strata  have  been  drawn  out  and  minglea  insepar- 
ably with  the  mar^ns  of  the  Barrule  Slates,  the  general  tenor  of 
tho  field-evidence  is  fairly  convincing  for  the  original  identity  of 
the  division  as  a  separate  member  of  series,  of  which  the  limits  • 
can  be  delineated  on  the  map,  though  somewhat  diagram- 
matically. 

Where  bounded  by  'crush-conglomerate*  the  mar^n  of  the 
Barrule  Slates  is  fairly  well-defined,  but  elsewhere  it  usually 
fades  oft,  by  imperceptible  degrees  or  by  alternations,  into  the 
paler  colour-banded  *  unseparated  *  beds.  There  are  two  distinct 
and  more  or  less  parallel  belts  of  rock  of  the  Barrule  Slate  type, 
of  which  the  more  easterly,  in  the  principal  hill-range,  is  tne 
more  continuous  and  better  defineil.  These,  along  with  other 
siualler  subsidiary  strips,  are  probably  portions  of  a  onoe- 
continuous  mass. 

With  the  exception  of  obscure  worm-like  markings,  which  may 
or  may  not  be  organic,  no  fossils  have  hitherto  been  found 
in  tho  Rarrulo  Slates,  unless  we  consider  the  outlier  of  slate  on 
Cronk  Sumark  near  Sulby  to  belong  to  this  division,  where 
Mr.  Bolton  obtained  the  remains  described  on  p.  93.  Some 
dark  iron-stained  bands  in  the  series  have  been  searched 
without  success  for  graptolites  (see  p.  94). 

The  microscopical  structure  of  tnese  Slates,  and  the  changes 
effected  in  them  in  many  places  by  metamorphic  agencies 
will  be  discussed  under  a  subsequent  heading  (see  pp.  99  &  110). 

The  homogeneous  aspect  and  fissile  structure  of  the  rocK 
has  encouraged  many  futile  attempts  in  the  past  to  develop 
quarries  of  roofing  slate  in  it.  Enterprises  of  this  kind  were 
especially  numerous  about  35  years  ago,  when  large  sums  were 
expended  in  making  openings  into  the  Barrme  Slates  in 
every  part  of  tho  Island.  But  these  enterprises  all  proved 
failures  and  were  sooner  or  later  abandoned  with  heavy 
loss,  the  saleable  slate  obtained  being  verv  limited  in  quantity 
and  poor  in  quality  (p.  559).  Indeed  if  tne  uncertain  character 
of  the  cleavage  and  its  close  dependence  upon  the  planes  ot 
shear-movement  had  been  understood,  no  other  result  than 
%ilure  could  have  been  anticipated,  especially  in  a  rock  so 
frequently  traversed  by  quartz  veins  and   zones  of  crushing. 

Main  Belt  of  Barrule  Slates. 

From  the  coast  near  Ramsey  at  the  north-eastern  comer  of  the 
massif,  wc  may  trace  this  belt  into  the  steep  mountain-ridge 
which  commences  in  North  Barrulc  and  continues  to  SnaefeU,  a 
distance  of  four  miles.  The  physical  characters  of  this  ridgo 
correspond  with  the  "structural'fcaturcs  of  the  slates,  the  steep 
craggy  soulih-eastiCm  side  being  due  to  the  outcrop    of  the 
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schistose  planes,  perhaps  in  part  coinciding  with  the  original 
bedding,  while  tne  grassy  north-western  slope  marks  the 
direction  of  dip  of  these  planes. 

The  slate  is  traversed  at  frequent  intervals  by  seeregation- 
veins  of  auartz,  of  all  sizes  up  to  5  or  6  feet  in  breadth.  These 
are  usually  more  or  less  lenticular,  and  have  generally  been 
crushed  and  drawn  out  with  the  country-rock.  They  often 
include  small  quantities  of  yellow  mica,  chlorite  ana  other 
rninerals;  and  the  crushed  slate  around  their  margins  some- 
times contains  garnets  and  other  alteration  products,  apparently 
developed  by  the  differential  movement  (see  p.  111). 

Whue  the  Slates  form  the  whole  of  the  high  ground  of  this 
hill-chain,  they  do  not  reach  down  into  the  valleys  on  either 
side,  and  where  a  partial  transverse  section  of  the  ridge  is 
presented  we  find  that  the  outcrop  of  the  slate  is  contracts  as 
it  descends  to  lower  levels.  The  same  relation  between  breadth 
of  outcrop  and  altitude  of  ground  holds  good  through  the  whole 
extent  ot  this  belt  of  slate,  and  tells  strongly  in  mvour  of  the 
view  that  in  spite  of  the  apparently  persistent  north-westerly 
dip,  the  slates  occupy  a  synclinal  trough. 

A  good  illustration  of  this  structure  is  found  in  the  south- 
westward  prolongation  of  the  belt  between  Snaefell  and 
Beinn  y  rhott  the  next  summit  of  the  range,  where  its 
outcrop  descends  to  below  900  feet  in  crossing  the  ieep  inter- 
vening glen,  and  is  there  contracted  to  a  breadth  of  200  or  300 
yards,  expanding  again  to  over  half  a  mile  on  Beinn  y  Phott  and 
Its  continuation  Garraghan,  once  more  to  shrink  to  less  than  its 
breadth  in  the  former  glen  in  crossing  the  valley  of  the  Glass 
near  Injebreck  at  an  altitude  of  about  500  feet.  When  it 
ascends  from  the  last  -  mentioned  valley  into  The  Creg 
(Creg  y  WhualUan,^  1,344  feet),  a  spm*  of  Golden  Mountain,  its 
expansion  at  the  higher  level  is  not  so  well  marked,  which  may 
be  partly  explained  oy  the  almost  precipitous  steepness  of  its 
outcrop  m  this  grouna  but  is  also  in  keepmg  Mrith  tnat  general 
contraction  whicn  the  belt  undergoes  in  approaching  the  central 
part  of  the  Island,  a  structure  already  mentioned  as  l)eing  there 
equally  visible  in  the  Grits.  On  tne  eastern  slopes  of  SHeau 
Ruy,  and  in  Greeba  Crags  overlooking  the  central  valley,  the 
belt  dwindles  to  an  irregular  contorted  strip,  scarcely  recognis- 
able among  the  partly  brecciated  colour-banded  slates  and  thin 
grits  which  appear  to  constitute  the  greater  part  of  these 
exposures;  but  the  whole  of  the  rocks  nave  been  crushed  in 
this  Quarter  into  an  almost  inseparable  mass. 

Half  a  mile  to  the  westward  of  this  outcrop,  on  the  opposite  or 
western  slope  of  Greeba  Mountain,  another  strip  of  dark  slate 
of  the  Barrule  type  is  found,  which  wedges  out  rapidly  north- 
ward, but  expands  southwards.     This  is  interrupted  by  the 

*The  ridge  so  named  on  the  six-inch  Ordnance  map  should  probablv 
l>e  written  '  Vreg  Awhailan^*  after  a  farmstead  of  that  name  at  its  foot.  It 
most  not  be  coiif used  with  the  ^  Cr^  y  Whualliam '  south  of  the  central 
▼alk^  at  QiQeba^  nor  with '  Slieau  V^uallian '  south  of  St.  John's. 
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central  valley,  but  seems  to  reappear  on  the  southern  side,  where 
it  has  a  width  of  over  half  a  mite,  and  is  prolonged  thence  south- 
westward,  across  Kerrowgarroo,  for  two  miles  farther.  It  then 
descends  into  the  Foxdale  Valley  much  contracted  in  width, 
and  wedges  out  on  the  western  side  of  the  depression.  The 
position  of  this  strip  in  regard  to  the  former  belt  may  be 
interpreted  to  indicate  a  subsidiary  trough  of  the  synclinoriuni 

The  prolongation  of  the  main  oelt  across  the  central  valley 
is  not  so  readily  followed,  there  being  great  confusion  and 
irregularity  of  structure  on  the  southern  hill-slope  opposite  to 
Creg  ny  Greeba.  There  does,  indeed,  exist  a  patch  of  altered 
dark-blue  slate  of  the  Barrule  type  on  the  crest  of  that  slope, 
but  it  appears  to  be  discontmuous,  wedging  out  in  both 
directions;  and  moreover,  instead  of  its  dommant  structural 
planes  presenting  the  usual  dip  towards  N.W.  or  N.N.W.,  they 
possess  for  the  most  part  the  unusual  direction  of,  approxi- 
mately, N.E.  This  divergence  of  dip  and  strike  is  accomj>amed 
by  a  marked  augmentation  of  the  schistosity  and  mineral 
alteration  of  the  rock,  a  matter  to  be  subsequently  discussed 
(see  p.  111). 

Hence  in  trying  to  trace  the  main  belt  southward  from  the 
central  valley,  it  is  not  until  we  have  followed  its  previous 
direction  of  strike  for  two  miles,  and  have  b^un  to  ascend 
the  eastern  slope  of  South  Barrule  beyond  loxdale  village, 
that  we  can  confidently  again  identify  the  Barrule  Slates. 
Their  reappearance  in  recognizable  form  is  comcident 
with  the  sharn  increase  of  altitude,  the  mountain  rising 
700  or  800  feet  above  the  country  to  the  eastward,  to 
a  total  height  of  1,585  feet.  In  this  hill  the  Barrule 
Slates  regam  all  their  characteristic  features,  and  their 
expanded  outcrop,  nearly  a  mile  in  width,  occupies  the 
summit  and  most  of  the  western  slope.  Thence  they  may 
be  followed  along  the  same  ridge  through  Cronk  Feoia^  to 
Cronk  ny  Arrey  Lhaa,  1,449  feet,  maintaining  their  widtn  of 
outcrop  at  the  high  levels  but  contracting  to  at  least  one 
half  as  they  plunge  down  to  sea-level  in  the  terminal 
precipices  of  the  ridge  on  the  western  coast.  These  precipices 
aflfora  the  grandest  transverse  section  of  the  division  to  be 
found  in  the  Island,  but  unfortunately,  from  their  inaccessi- 
bility, only  a  very  small  portion  of  the  section  can  be 
BtucUed. 

Barrule  Slates  north-westward  of  the  main  belt 

We  now  return  to  the  northern  part  of  the  massif,  to  examine 
the  areas  to  the  north-westward  of  the  belt  above  described  in 
which  dark  slates  of  the  Barrule  type  prevail. 

Nearest  to  the  northern  part  of  the  main  ridge,  we  find  an 
isolated  patch  of  irregular  outline,  out  of  which  the  middle 
portion  of  Glen  Auldyn  is  carved.  This  tract  of  dark  blue  slate 
IS  rimmed  on  the  west,  north  and  north-east  by  'crush- con- 
glomerate/  and  on    the  south-east   by  '  unseparated '  flaggy 
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strata.  A  little  fiEirther  westward  a  larger  tract  of  similar 
composition,  also  bomided  in  the  same  quarters  as  the  last  by 
*  crush-coi^lomerate/  occupies  the  high  moorland  of  Slieau 
Monagh  (or  Meanagh ;  1,257  feet),  and  extends  in  long  tonnes, 
north-north-eastward  and  south-south-westward,  from  the  nead 
of  Glentraumion  to  Sulby  Glen. 

Among  the  rocks  left  as  *  unseparated  *  in  the  broad  area  to 
the  westward  of  Sulby  Glen,  there  are  some  narrow  strips  which 
may  belong  to  the  Barrule  Slates,  but  scarcely  sufficiently 
characterize  for  definite  recognition.  When,  however,  we  cross 
the  bold  outer  ridge  of  the  Island  which  forms  the  western  rim 
of  the  Sulby  basin,  we  reach  a  more  extended  development  of 
the  slates.  CJommencing  in  a  tapering  belt  on  the  western  side 
of  Slieau  Freoaghane,  and  expanding  rapidly  southward  to  a 
width  of  three-quarters  of  a  mile  or  more  on  Sartfell  the 
next  summit  of  the  ridge,  the  band  apparently  continues  of 
about  the  same  yddth  across  the  lower  dnft-encumbered  ground 
to  Glen  Helen,  and  thence,  occupying  both  sides  of  the  Neb 
valley,  to  the  central  depression  m  the  vicinity  of  St.  John's,  a 
distance  in  all  of  six  miles.  Though  interrupted  by  the  central 
vaUey,  the  same  belt  of  dark  blue  slate  seems  to  be  prolonged 
on  the  opposite  side,  as  noted  bv  Clifton  Ward,^  rismg  again 
abruptly  in  the  steep  gable-end  of  Slieau  Whuallian  (alt.  1,094 
feet),  and  rapidly  attaining  the  same  breadth  of  outcrop  as 
before. 

It  may  then  be  followed  south-westward  along  the  ridge  and 
across  the  transverse  eash  of  Glen  Rushen,  into  the  moorlands 
of  Dalby  Mountain,  where  it  is  about  a  mile  wide,  and  thence  to 
the  western  coast.  It  narrows  suddenly  in  descending  from 
the  high  land,  and  before  reaching  the  shore  at  Fneustal, 
on  the  south  side  of  Niarbyl  Bay,  splits  into  a  series  of  obscurely 
defined  strips  a  few  hundred  feet  in  breadth,  again  illustrating 
the  general  tendency  of  the  division  to  wedge  out  downwards. 
Throughout  this  belt  the  dominant  structural  dips  are,  like  those 
of  the  former  bands,  towards  N.N.W. 

It  is  to  be  noted  that,  while  in  the  northern  part  of  its 
course  there  is  a  space  of  over  four  miles  between  this  belt  and 
that  of  the  Snaetell  chain,  the  two  gradually  converge  south- 
ward until  only  three-quarters  of  a  mue  apart  in  the  vicinity  of 
the  western  coast.  It  will  be  observed,  too,  that  the  isolated  strips 
in  the  centre  and  n^rth  of  the  Island  are  set  en  ichelan  to  each 
other  and  to  the  principal  belts,  and  again,  that  the  incoming 
and  rapid  expansion  of  tne  north-western  belt  is  concurrent  with 
the  contraction  of  the  main  belt  in  the  central  district  of  the 
Island.  Like  the  downward  narrowing  of  the  outcrops,  these 
phenomena  seem  to  imply  that  the  slates  occupy  a  succession  of 
irregular  troughs. 

In  any  case,  the  arrangement  of  these  belts  of  slate  is 
proof  that  the  structural  axis  which  divides  the  dominant 
souch-south-easterly  from  the    dominant    north-north-westerly 

*  GeoL  Mag.,  dec.  ii,  vol  viL,  p.  2. 
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dips  cannot  mark  a  simple  stratigraphioal  anticline  as  hitherto 
supposed,  since  they  all  lie  on  one — the  north-western — side 
of  this  axis,  with  tneir  planes  of  fissiUty  throughout  dipping 
in  the  general  N.N.W.  direction.  If  the  axis  had  been  a  true 
anticline,  the  Barrule  Slates  must,  of  course,  have  been  repeated 
on  its  south-eastward  flank,  in  the  district  where  only  grits  and 
flags  are  to  bo  found. 

It  is,  however,  possible  that  the  arrangement  of  the  Barrule 
Slates  in  the  dinerent  belts  may  be  aue  in  part  to  normal 
faults,  or  to  planes  of  overthrust,  since  we  know,  from  their 
faulted  junctions  with  the  Carboniferous  rocks  and  from  other 
evidence  in  connection  Avith  the  mineral  lodes,  tliat  many 
unreco^ised  normal  faults  must  traverse  the  series,  and  that 
indications  of  overthrusting  on  a  more  or  less  extensive  scale 
are  prevalent  throughout.  But  while  it  must  be  acknowledged 
that  both  these  factors  are  likely  to  have  produced  greater 
effects  than  is  here  assigned  to  tnem,  the  constant  association 
of  the  margin  of  the  slates  with  the  striped  or  banded  beds 
which  apparently  mark  a  passage  into  the  flaggy  or  gritty 
deposits,  seems  to  show  that  the  junctions  are  tor  the  most 
part  simple ;  and  it  lias  been  considered  desirable,  therefore,  to 
avoid  further  complicating  the  subject  by  introducing  faults 
where  definite  proof  was  lacking. 

Strata  of  the  '  Unseparated '  Tracts. 

Brief  mention  will  suflice  for  these  tracts,  since  the  general 
characters  of  the  rocks  of  Avhich  they  are  composea  have 
been  incidentally  stated  more  than  once  in  the  foregoing 
pages,  and  fuller  local  information  will  be  given  hereafter  in 
the   chapter   of  topographical   deUiils. 

The  predominant  strata  are  intermediate  in  character 
between  the  slates  and  the  flags,  being  usually  composed  of 
alternating  laminae  of  impure  argillaceous  and  fine-grained 
arenaceous  material,  often  in  vividly  contrasting  blue-black 
and  pale  grey  tints,  while  thin  bands  of  grit  or  quartzite, 
both   isolated   and   in  groups,   recur  at   frequent   intervals. 

These  rocks  pass  gradually  on  the  one  hand  into  the 
grits  and  flaggy  greywackes,  and  on  the  other  into  the 
smooth  argillaceous  slates ;  and  in  their  original  position 
they  have  no  doubt  marked  the  vertical  upward  passage 
from  the  sandy  to  the  slaty  divisions.  In  tliese  strata,  so 
long  as  any  vestige  of  their  original  bedding  remains,  ever)* 
plication  and  fracture  which  has  affected  them  is  brought 
out  with  the  greatest  distinctness,  and  they  consequently 
afford  admirable  material  for  the  study  of  the  movements 
by   which  the  rocks   have   been   affected  (see   p.  73). 

Here  and  there  in  these  tracts  occur  thin  lenticular  belts 
of  more  peculiar  type,  which  have  been  referred  to  on  a 
previous  page.  Among  these,  the  handsome  banded  pale- 
and  dark-green  slate    exposed    on     the  foreshore  in  Niarbyl 
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Bay  and  at  Port  Lewai^ue,  and  the  strongly  striped  light- 
grey  laminated  strata  of  the  upper  basins  of  the  Sulby  and 
the  Neb,  best  deserve  mention  as  likely  to  prove  traceable, 
though  the  present  investigation  failed  to  follow  them  for  more 
than  a  short  distance  (see  pp.  123, 149). 

The  *  Crush-GonglomerateB.' ^ 

Though  as  essentially  the  result  of  earth-movement  as  the 
strain-shp  cleavage  and  other  secondary  rock-structures 
subsequently  to  be  discussed,  the  *  crush-conglomerate  '  rcauires 
distinctive  consideration  by  reason  of  its  havmg  been  developed 
in  such  a  manner  and  on  such  a  scale  in  some  parts  of  the 
Island  as  to  form  a  separable  zone  among  the  rocks  (see  Map, 
Fiff.  29).  In  the  areas  referred  to,  its  boundaries  have  been 
inaependently  traced  out,  and  are  shown  on  the  one-inch 
map. 

Previous  to  the  present  Survey,  the  true  character  of 
the  structure  had  not  been  recognised,  and  it  was  supposed  to 
represent  either  a  true  slate-conglomerate  or  a  volcanic 
breccia.  References  to  it  are,  however,  curiously  rare  in  the 
previous  literature.  Hcnslow  in  1820  gave  a  faithful 
description  of  one  of  the  sections  in  the  following  terms : — 
"  Near  Balla  Neah  [Ballanayre  of  the  Ordnance  Map,  on  the 
west  coast  north  of  Peel],  I  observ^ed  the  clifts  to  consist  of 
angular  fragments  of  clay-slate  embedded  in  a  clay-slate  paste, 
and  what  is  curious,  these  fragments  are  scarcely  to  be  dis- 
tinguished from  the  base  excepting  on  the  surface  of  the 
rocK  which  has  been  exposed  to  the  action  of  the  waves,  where 
th^  become  sufficiently  apparent  by  the  fragments  assuming 
diflferent  tinges  of  colour,  giving  the  specimen  a  mottled 
appearance."^  Among  the  later  literature  we  find  one  or  two 
oDseure  references  to  *  vole^uiic  breccias '  in  the  series,  with 
which  these  rocks  seem  to  have  been  included ;  and  in  1893 
Mr.  H.  Bolton '  described  a  portion  of  them  in  the  following 
passages : — "  In  the  neighlx)urhood  of  Ballure  Glen  and 
Ballastowel  Hill  [near  Ramsey],  the  slates  are  badly  bedded, 
and  full  of  irregular  pebble-like  inclusions,  which  give  to  the 
rock  a  brecciated  appearance.  These  have  yielded  the  cast  of 
a  trilobite  much  resembling  Aaaphus  or  jEgliiia,  and  also 
certain  other  structures  which  may  possibly  prove  organic. 
North  and  north-west  from  Ballastowel,  the  Skiddaw  Slates 


'  The  presence  of  this  structure  in  the  Isle  of  Man  was  first  recorded 
by  W.  W.  Watts  and  the  author  in  a  paper  on  "  The  Crush-ConglomerateB 
of  the  Me  of  Man."  Quart  Journ.  Geo!  Soc,  vol.  li.  (1895),  pp.  663-597. 
Passages  in  the  following  pages  taken  verbatim,  or  nearly  «o,  from  that 
paper  are  marked  by  single  inverted  commas. 

*  Tranft.  Oeol.  Soc.,  ser.  i.,  vol.  v.,  p.  490. 

»  Report  Brit.  Assoc,  for  1893,  p.  771. 
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consist  of  irregularly  bedded  iron-stained  slates  with  interbedded 
volcanic  ash,  the  latter  often  of  considerable  thickness."^ 

It  is  now  recc^ized  that  conglomeratic  rocks  of  this  character, 
due  to  the  breaking  up  of  the  strata  under  shearing  pressure, 
are  of  common  occurrence  in  all  parts  of  the  world  wnere  strata 
of  variable  lithological  characters  have  imdergone  severe  move- 
ment, and  the  term  "  autoclastic "  has  recently  been  applied 
to  them.-      The  foUo^sing  is  the  definition  of   the    structure 

S'ven  by  Prof  C.  R.  Van  Hise  in  his  "Principles  of 
orth  American  Pre-Cambrian  Geology."* 
"  When  rocks  are  folded  by  strong  orogenic  forces,  and  they 
are  not  so  heavily  loaded  as  to  render  them  plastic,  they 
are  freauently  broken  into  fragments,  and  '  autoclastic  *  *  rocks 
are  proauced.  The  autoclastic  rocks  which  readily  show  their 
origin  may  be  called  dynamic  breccias,  and  those  which 
resemble  ordinary  conglomerates  may  be  called  psevudo-con- 
glomejutes.  Brittle  rocks  are  the  most  likely  to  become 
autoclastic ;  hence  it  is  that  cherts,  quartzites,  cherty  limestones, 
gra^'wackes,  and  rather  siliceous  slates  are  some  of  the  kinds 
which  most  frequently  present  the  phenomena  described. 
The  movements  of  the  broken  fragments  over  one  another 
in  many  cases  so  thoroughly  round  them  that  they  have 
the  appearance  of  being  waterworn,  and  the  matrix  between 
the  larger  Iragiuents  may  consist  almost  wholly  of  well-rounded 
fragments  of  a  similar  character.  For  instance,  in  a  semi- 
indiirated  quartzite  the  larger  complex  fh^ments  may  be 
well  rounded  by  their  mutual  friction  while  the  matrix  may 
consist  of  the  simple  original  waterworn  grains  which  are 
rent  apart.  In  another  case  the  original  rock  may  have 
consisted   of  beds   of  mud   interlauiinated   with   thin   beds  of 

"  By  consolidation  and  cementation  these  beds  may  have 
been  transformed  to  alternating  shale  and  graywacke.  The 
shale  is  pbistic  under  light  load  ;  under  the  same  load  the 
graywacke  is  brittle.  When  such  a  set  of  beds  is  deformed 
the  shale  yields  largely  by  flow  and  the  graywacke  by  fracture. 
The  beds  of  graywaclce  are  broken  into  fragments  of  varjring 
sizes,  which  are  groimd  over  one  another,  and  thus  are 
rounded.  At  the  siinie  time  the  shale  flows  and  fills  the 
space  between  the  fragments.  Also  slaty  cleavage  may  be 
developed.     As  a  result,  a  pseudo-slate-conglomerate  is  produced, 

*  The  "  interbedded  volcanic  ash ''  of  this  description  is  part  of  the  crash- 
condomerate.  Coni[)are  also  Mr.  Bolton's  paner  "  On  a  trilobite  from  the 
Skiddaw  Slate  of  the  Isle  of  Man."  Geol.  Mag.,  dec.  iii.,  vol.  x.,  p.  29. 
(Jan.  1893.) 

^  See  "  Structui-al  Geology  of  Steep  Rock  Lake,  Ontario,"  by  H.  L.  Smyth 
(Ani.  Jour.  Sci.,  3rd  ser.,  vol.  xlii.,  p.  331).  In  this  paper  the  author  defines 
'*  autoclastic  schists  "  as  "  schists  formed  in  place  from  massive  rocks  by 
crushing  and  squeezing  without  intervening  processes  of  disintegration 
or  erosion,  removal  and  deposition." 

^  Sixteenth  Annual  Tvoport  of  U.S.  Survey,  pt.  1,  p.  679.  (Washington, 
1896) 
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having  a  slate  matrix  and  pebbles  of  graywacke,  which,  so 
&r  as  its  own  characters  are  concerned,  could  not  be  dia- 
crimiDated  by  any  one  from  a  true  conglomerate.  Fortunately, 
in  most  cases  it  is  possible  to  find  transition  phases  between 
such  a  rock  and  one  in  which  the  process  has  not  gone  so 
far,  and  thus  one  is  enabled  to  determine  that  the  rock  is 
autoclastic." 

This  description  of  the  structure  as  it  occurs  among  the 
Pre-Cambrian  rocks  of  the  Lake  Superior  r^on  in  North 
America,  which  had  not  been  published  at  the  time  of  our 
investigation  of  the  Manx  examples,  applies  in  every  particular 

Fig.  6. — Crag  of  Crush-conglomerate  at  the  southern 
edge  of  Cronk  Sumark,  Suthy ;  showing  fragments 
of  grit,  fine-grained  flag-stmie,  and  hard  clay-slate, 
m  a  matrix  of  bluish  slaty  material. 

(From  Quart  Joum.  Geol.  Soc.,  vol.  ii.) 


A.  Block  of  uheared  alightly  febpath  c  kt  t  about  B  feet  long 

B.  Fragmenta  n  wh  ch  the  onjnnal  bead  n^  is  still  v  sible 

The  arrow  ndicales  the  probable  d  rect  on  of  the  movement  during 
shearmg. 

to  the  '  autoclastic '  or  '  djmamic '    conglomerates  of    the  Isle 
of  Man. 

Where  typically  developed,  in  the  north  and  north-west  of  the 
Island,  the  breccias  form  thick  masses  of  imperfect  conglom- 
erate, made  up  of  irregular  scattered  fr^^ents  set  in  a  slaty 
matrix.  '  The  fragments  vary  in  composition,  but  most 
frequently  are  of  tine-grained  grit  or  sandstone  and  of  sandy 
slate,  with  less  abundant  pieces  of  coarsish  grit,  of  banded  flaggy 
slate,  and  of  purely  argillaceous  smooth  blue  slate  or  shale. 
These  fr^;menta  arc  usually  phacoidal  or  lenticular  in  outline 
(hence  appearing  rounder  in  transverse  section  than  they  really 
are),  but  the  shape  varies  with  the  size,  and  also  differs  in 
different  places.  In  some  localities  many  of  the  smaller  in- 
clusions are  well-rounded,  while  in  others  they  take  the  form  of 
subangular  or  spindle-shaped  strips  (see  Figs.  6,  9,  12,  23).  The 
fragments  are  of  all  sizes,  from  blocks  several  feet  in  diameter  to 
particles   of   microscopic   dimensions.      They    are,   ajs    a    rule. 
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indiscriminately  laingled,  large  and  small,  in  a  highly  sheared 
slaty  matrix ;  but  tne  average  size  of  the  inclusions  varies 
greatly  in  dififerent  localities,  and  there  is  sometimes  a  total 
absence  of  the  larger  fragments/ 

These  characters  are  well  illustrated  in  the  weathered  ex- 

}>osures     on    Cronk     Sumark,    near    Sulby    Bridge     Station, 
rom  which  the  figure  on  p.  57  is  taken. 

'  A  glossy  sericitic  face,  due  to  shearing,  coats  the  harder 
inclusions,  and  planes  of  similar  character  are  abundant 
throughout  the.  matrix,  and  sometimes  cut  the  fragments. 
These  schistose  planes  determine  the  weathering  and  the 
fracture  of  the  rock,  and  when,  as  frequently  happens,  they  lie 
very  close  together  and  the  inclusions  are  all  of  small  size,  the 
fragmental  character  of  the  mass  is  not  evident  in  ordinary 
exposures,  and  needs  a  fresh  cross-fracture  to  reveal  it.  There 
i&' usually  an  abundant  development  of  iron  pyrites  in  the  rock, 
sometimes  finely  disseminated,  and  sometimes,  as  in  the  quarry- 
section  on  the  eastern  side  of  Cronk  Sumark,  in  cubical  crystals 
from  one-eighth  to  one-quarter  inch  in  diameter,  which  have 
been  affected  by  a  later  movement  than  that  which  formed  the 
conglomerate.  Such  is  the  composition  of  the  rock  over  large 
areas.' 

Distribution  of  the  Crush-conglomerates. 

As  stated  in  the  earlier  part  of  this  chapter,  indications  of 
shear-fluxion  and  partial  brecciation  are  exhibited  by  the  Slate 
Series  in  every  part  of  the  Island;  but  these  become  greatly 
intensified    on    the  north-western  side   of  the   structural  axis, 

f)articularly  where,  in  this  quarter,  the  more  thinly-banded  rocks 
ie  in  the  proximity  of  masses  of  grit.  We  also  find  that  the 
disturbance  of  the  bedding  increases  in  severity  as  we  follow 
the  strike  of   the  rocks  from  south-west  to  north-east. 

In  the  southern  part  of  the  Island,  the  occurrence  of  actual 
*  crush-conglomerato '  is  confined  to  a  few  isolated  strips 
bordering  detached  portions  of  grit,  as  in  the  instance  already 
describea  on  the  western  side  of  Fleshwick  (see  p»  43),  and 
in  similar  examples  on  the  foreshore  near  Gob  3m  tJshtey 
north  of  Cronk  ny  Arrey  Lhaa,  and  on  the  eastern  slope  of 
South  Barrule. 

Northward  of  the  central  valley  the  structure  is  first 
developed  slightly  near  the  southern  termination  of  Creg  ny 
Greeba.  Then,  two  miles  farther  north,  it  is  next  found  in  strong 
force  in  the  depression  on  the  northern  side  of  Lhargee  Ruy,  1^ 
here  first  begins  to  from  a  definite  belt.  The  exposure  just  men- 
tioned occurs  in  the  bed  of  a  feeder  of  the  Kiver  Nob  near 
its  source  on  the  western  side  of  Golden  Mountain,  and  exhibits 
slaty  breccia,  crowded  with  subangular  and  lenticular  fragments 
of  nne  grit  and  pale  slate  up  to  6  inches  in  length,  in  a  zone  of 
f^bout  100  yards  m  breadth. 
The  persistent  drift-covering  of  the  surrounding  moorlands 
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hides  the  prolongation  of  the  belt,  but  some  traces  of  it  are 
visible  on  Slieau  Maggie  (the  hill  nameless  on  the  one-inch  map, 
next  west  of  Injebreck  Hill>  and  its  line  of  strike  points 
exactly  for  the  most  southerly  exposure  of  the  great  belt  of 
Sulby  Glen,  which  occurs  three  miles  north-north-eastward, 
in  the  bed  of  a  rivulet  draining  into  the  Dmidale  branch  of  the 
Sulby  River,  west  of  the  ruined  farmstead  of  Close,  where  the 
conglomerate  is  150  yards  in  breadth.  The  outcrops  of  the 
structure  expand  rapidly  in  width  in  Sulb^  Glen,  and  are 
practically  continuous  from  the  Above  mentioned  exposure  to 
the  mouth  of  the  valley,  a  distance  of  five  miles.  As  the  most 
typical  sections  occur  in  the  northern  portion  of  the  belt,  we 
will  pass  at  once  to  the  mouth  of  Sulby  Glen,  and  thence  trace 
the  belt  back  southward,  and  ftfeo  east>yard. 

The  structure  is  well  exposed  on  the  eastern  side  of  the  opJtjrance 
to  the  Glen,  in  the  prominent  hummock  of  the  Slate  Series  known 
as  Cronk  Sumark  or  Primrose  Hill,  which  rises  steeply  above  the 
drift  plain.  Some  low  crags  near  the  north-western  base  of  this 
hill  reveal  a  highly  contorted  strip  of  rather  coarse-grained 
massively-beddea  grit,  and  40  or  60  feet  higher  on  the  same  slope 
a  large  quarry  has  been  excavated,  in  obscurely-cleaved  dark 
blue  slates  welded  into  a  mass,  in  which  indistinct  traces  of  folded 
Bedding  alone  remain  in  the  upper  part  of  the  section,  while  the 
lower  part  gradually  changes  into  a  slaty  breccia.  In  crags  outside 
the  quarry,  below  the  level ;  of  its  floor,  the  breccia  is  continued 
downward  towards  the  strip  of  grit,  and  there  contains  many 

K'tty  inclusions.  It  is  from  the  talus  of  this  quarry  that 
'.  Bolton,  obtained  the  specimens  described  on  p,  93.  The 
*  crush  conglomerate,*  full  ot  gi'it  fragments,  some  of  large  size  as 
shown  in  i  igure  6,  p.  67,  extends  from  this  place  to  the  eastern 
edge  of  the  hill,  where,  behind  the  farm-yard  of  Grangee,  it  has 
been  quarried  for  building-stone,  the  later  shear-planes  being 
sufficiently  developed  to  give  a  rudely  flaggj^  character  to  the 
rock.  From  GronK  Sumark,  so  far  as  we  can  judge  from  the  ex- 
posures, the  autoclastic  structure  extends  in  a  more  or  less  con- 
tinuous sheet  southward  and  eastward  for  more  than  a  mile 
though  the  brecciation  is  sometimes  imperfect  and  there  are  a 
few  strips  in  which  the  bedding  has  not  quite  disappeared.  In 
the  quarried  crag  at  Kerroomoar,  half  mile  to  the  east-north-east 
of  Cronk  Sumark,  the  conglomerate  is  traversed  and  altered  by 
two  igneous  dykes  of  widely  different  ages;  the  older,  a  dioritio 
rock  probably  belonging  to  the  Pre-Carboniferous  *  greenstone  ' 
group,  is  intersected  by  the  newer  dyke,  one  of  supposed  Tertiary 
olivine-dolerites  (see  p.  105).  To  the  southward  of  this  place  the 
breccia  can  be  tracea  in  exposures  here  and  there  in  the  roads, 
and  in  small  bosses  in  the  fields,  until  it  enters  Narradale,  where 
it  occupies  the  stream-bed  for  nearly  a  mile,  traversed  by  several 
*^eenstone'  dykes  and  interrupted  bv  occasional  intercala- 
tions of  bedded  slate.  In  the  rignt  bank  of  this  stream,  south- 
west of  the  only  farmstead  in  the  upper  part  of  the  glen,  there 
occurs  a  boulder-Uke  mass  of  coarsish  grit  or  quartzite,  apparently 
embedded  in  the  crush-conglomerate,  which  measures,  in  ita  ex- 


60  The  Manx  Slati«. 

Eosed  portion,  14  by  8  by  6  feet.  Its  partially  rounded  surface 
as  a  tnin  smooth  sericitic  coat,  with  little  patches  of  the  breccia 
adhering  to  it,  but  the  shearing  seems  to  nave  been  confined  to 
this  crust,  since  petrolo^cal  examination  of  the  layer  immediate- 
ly beneath  gave  no  indications  of  movement  (see  p.  104).  This 
is  the  largest  single  boulder  which  has  been  observed  in  the 
crush-conglomerate  of  the  Island,  though  the  structure  often 
isolates  and  surrounds  irregular  patches  of  distm*bed  but  still 
continuous  strata  of  very  much  larger  dimensions. 

On  the  high-lying  land  to  the  eastward,  between  Narradale 
and  Glentramman,  which  rises  from  about  300  feet  to  nearly  800 
ieet  above  sea-level,  the  autoclastic  structure  is  exhibited  in 
scanty  exposures,  but  seems  to  split  up  into  narrow  strips  and 
end  off*  before  reaching  the  latter  glen,  in  which,  however,  the 
stream-sections  are  extremely  difficult  of  access  and  have  been 
only  partly  examined. 

Li  the  opposite  direction,  the  conglomerate  may  be  traced 
westward  from  Narradale  into  the  bed  of  the  stream  of  the  next 
glen,  where  it  is  often  very  coarse  in  texture;  but  it  is  less  distinctly 
represented  in  the  short  valley  draining  to  Ballamanaugh,  one- 
third  of  a  mile  farther  west,  which  seems  to  lie  somewhat  to  the 
northward  of  the  zone  of  brecciation.  The  southerly  margin  oi 
the  belt  is  reached  in  the  streams  near  Cronkgarroo,  (the  more 
northerly  of  the  two  places  of  that  name  on  the  one-inch  map) 
and  then,  following  the  line  of  south-westerly  strike  for  400  or  500 
yards  across  grassy  moorland,  we  descend  at  Ballaneary  into  the 
valley  of  a  tributary  of  the  Sulby  River,  where  a  deep  gully  has 
been  cut  in  compact  dark  slate  of  the  Barrule  type,  from  which 
the  stream  tails  into  Sulby  Glen  in  a  picturesque  cascade  known 
as  the  Cluggid.^  Below  the  cascade,  paler  banded  slates  with  a 
partially  brecciated  structure  are  revealed,  and  less  than  100 
yards  lower  down  these  pass  into  pebblv  crush-conglomerate 
which  forms  the  bed  of  the  stream.  The  same  phenomena 
are  beautifully  exhibited  in  the  craggy  walls  of  the  great  glen, 
which  rise  500  or  600  feet  high  on  the  northern  side  of  the 
water-course,  furnishing  a  continuous  section  across  the  strike  of 
the  brecciated  zone,  as  indicated  in  the  opposite  figure. 

Nowhere  can  the  development  of  the  structure  and  its 
relation  to  the  accompanying  strata  be  more  satis&ctorily 
studied  than  in  these  crags.  The  width  of  outcrop  of 
the  crush-conglomerate  is  slightly  over  400  yards,  ana  its 
vertical  depth  exceeds  500  feet,  the  top  being  lost  in  the 
grassy  ground  above  the  valley.  South-eastward,  it  passes 
gradually  into  the  dark  Barrule  Slate  of  Ballaneary ;  and  north- 
westward, into  highly  contorted  banded  slaty  and  gritty  flags 
and  quartz-veined  grits  which  constitute  the  northerly  termina- 
tion of  the  section  and  are  excellently  displayed  in  tne  opposite 
or  western  wall  of  the  Sulby  valley. 

^  This  name  is  not  recorded  on  the  Ordnance  maps.  It  is  said  to  signifv 
*'  a  throat,"  and  to  apply  particularly  to  a  natural  perforation  in  the  rock 
through  which  the  stream  drops  in  one  part  of  its  fall. 
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Every  stage  in  the  breaking  up  of  these  sandy  slates  and 
grits  can  be  distinctly  traced.  Amid  the  mass  of  the  oreccia  then* 
are  isolated  patches  of  unbroken  or  only  partly  broken  strata, 
from  a  few  feet  to  a  few  yards  in  diameter ;  while  at  its  margin 
narrow  strips  of  disrupted  rock  are  interbedded  with  compara- 
tively unbroken  bunas,  as  though  the  structure  had  pushed 
its  invasion  more  readily  along  some  beds  than  others.  In  a 
few  instances,  well-dolinod  included  fragments  are  themselves 
composed  of  IireiMua  diftering  in  texture  and  tint  from  that  in 
which  they  are  embedded. *as  though  portions  already  in  the 
state  of  crush-conglomerate  had  been  broken  up  a  second  time. 
Occasionally,  also,  there  is  a  distinct  U  or  V-shaped  arningenient 
of  the  longer  axes  of  the  fragments,  as  shown  in  Fig.  8, 
BU^estive  of  sharp  folding  of  material  already  crushed, 

Fh).  S.^Part  of  a  crag  in  Sulby  Glen  {lOQ'  yards 
north  of  "  Limekiln,"  Glen  Moour,  of  6-inch  map, 
Sheet  4). 

(From  Quart.  Journ.  Geol.  Soc,  vol.  li.) 
Length,  aUmt  3  feet. 


The  fragiiientH  in  the  crush -conKlwnieratc  are  of  pale  greyish  flagstone 
or  fine  grit,  up  to  3  inches  in  diaiiiet«r,  the  larger  of  which  show  an  arrange- 
ment suggeHtivu  of  a  recumbent  fold. 

Movement  subsequent  to  the  primary  brecciation  is  also  proved 
by  the  strain-slip  or  '  shear-cleavage '  which  frequently  affects  the 
crush-conglomerate  equally  with  the  neighbouring  unbrecciated 
rocks,  and  with  the  same  direction  and  dip.  The  iissile  planes  of 
this  cleavage  traverse  matrix  and  inclusions  alike,  except  that 
when  the  latter  are  of  hard  grit  the  planes  sometimes  swerve 
around  their  edges  in  a  fashion  which  demonstrates  that  the  frag- 
ments held  their  present  position  bufore  the  fissility  was  imparted 
to  the  rock,.  These  phenomena  are  perhaps  best  displayed  in 
sections  two  miles  higher  up  the  valley,  w-hence  the  following 
illustrations.  Figs. !)  &  10,  are  taken. 


Cbcsh-conglomerate. 


$3 


Where  the  conglomerate  is  chiefly  made  up  of  slate  with  few 
hard  inchisions,  uiis  fissile  structure  is  as  strongly  developed  as 
in  the  Barrule  Slates  and  renders  the  fr^;mental  character  of 
the  rock  almost  ioTisible. 

In  the  crags  east  of  the  Cltiggid,  an  intrusive  dyke  of  diabosB 
(see  Fig.  1 ;  also  p.  133),  from  10  to  20  feet  thick,  crosses  the 

Kifi.  9. — Sketrh  o/cra^j  of  Crush -comjlomerate  on  northern 
slope  above  DruidcUe  stream,  at  junction  with  Sulby 
Hirer. 

(From  Quart.  Journ.  Geol.  Soc.,  vol.  li.) 
Length,  about  3  feet. 


Z— Z.  Shear-cteavage  planes,  developed  subswjuently  to  the  brecriation, 
and  obliquely  to  the  linear -drfangepienit  of  the  gnt-f ragmen ts  ivhich  show 
a  prevalent  dip  to  north-wesf.  The  dip 'of  tKe  nhear-cleaTage  is  N.  20°  E. 
Ht  35',  the  section  being  along  the  strike. 

Fig.  10. — Enlarged  view  o/  Crush-coiiglomerate  in  crag 
adjacent  to  that  shoum  in  the  last  figure. 

About  one-half  uatural  size. 


The  shear-cleavage  planes  traversinK  the  shaly  ground-niaSB  partly 
swerve  around  and  partly  cross  pebWe-like  fragments  of  fine-grained  grit 

brecciated  belt  and  is  prolonged  among  the  unbroken  fla^  to 
the  northward.  This  dyke,  though  not  so  much  affect^  by 
shearing  as  those  in  Neiradale,  affords  further  evidence  of  posU 
brecciation  movement. 

In  the  country  to  the  eastward  of  Sulby  the  belt  of  cniah- 
coi^lomerate  appears  to  lie  approximately  flat  or  only  gently 
intlmed,  and  its  outcrop  is  therefore  broad ;  but  in  Sulby  Ulen 
it  Beems  to  have  a  steepish  north-westward  dip  or  pitch,  and 
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therefore,  though  its  thickness  may  not  be  diminished,  its 
outcrop  is  narrower.  Its  limits  are  not,  however,  bo  r^ular 
that  the  mode  of  occurrence  of  the  zone  in  this  respect  can 
be  determined  with  certainty;  but  whatever  its  position  may  be, 
it  is  evident  that  its  thickness  must  be  considerable,  since  itE 
outcrop  in  this  part  of  Sulby  Glen  measures  &om  200  to  400 
yards  m  horizontal  extent  and  has  a  vertical  range  of  200  to 
600  feet  in  the  precipitous  slopes. 

Southward  from  the  Cluggid,  in  the  portion  of  the  Sulby 
valley  named  Glen  Mooar  on  .the  Ordnance  map,  the  '  t^ush- 
conglomerate '  occupies  the  lower  slopes  on  both  sides.   Bat 

Fig.  11. — Passage  of  banded  slate  into  breccia  in  crag 
forming  western  bank  of  Sulby  River  under 
cottage  west  of  Slieaumonagh. 

(From  Quart.  Joum.  Oeol.  Soa,  vol,  li.) 
Length,  12  feet. 


•Bit, 


Firm  flaggy  slates  with  well-marked  blue  and  grey  bandioff,  A,  A^A; 
highly  contorted  in  the  centre  and  left  side  of  the  crag,  and  broKen  up  mto 
fragments,  B,  B,  B,  in  a  slaty  matrix  on  the  right  and  upper  pajrt.  The 
thickness  of  the  bedding  is  exaggerated  in  this  figure.  C,  C,  C,  Qouli 
veins,  2  to  4  inches  thick,  disturbed  and  twiaied,  but  not  perticipatiitg 
in  the  brecciation.    y — y  Later  sbear-cleavage. 

where  the  river  makes  a  sharp  elbow  eastward,  under  the  upland 
farmstead  of  Killabraggah,  the  belt  ot  breccia  strikes  acroes 
into  the  western  bank,  so  that  both  its  upper  and  lower  limits 
are  contained  in  a  single  range  of  precipitous  crags,  showing  its 
vertical  depth  to  be  between  250  and  350  feet. 

The  above  section  (Fig.  11),  on  the  margin  of  the  zone  where  it 
crosses  the  river,  exhibits  the  transition  from  bedded  rocks  into 
breccia. 

Thence  the  belt  can  be  traced  across  the  rocky  shoulder 
of  Cniigmooar,  and  comes  down  into  the  valley  again 
at  the  school-house  of  Tholt-e-Will  (adjacent  to  "  Chapel " 
of   Ordnance    map),  still  flanked    OQ  the  west  by  grits  and 
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On  the  east  by  Barrule  Slates.  Meanwhile  a  subsidiary  strip 
of  the  conglomerate,  apparently  wedging  out  both  northward 
and  southward,  occupies  the  eastern  slope  of  the  Sulby  valley 
around  Ballaskella,  possibly  representing  the  emerging  crest 
of  a  sharp  fold  in  the  orecciated  zone.* 

Half  a  mile  south  of  Tholt-e-Will  the  structure  in  all  its 

E bases  is  admirably  displayed  in  the  bed  of  the  Sulby,  under 
)ruidale  farm,  and  in  the  adjacent  craggy  ground  aroimd 
the  confluence  of  tributary  streams  from  1S)th  sides.  It  here 
occupies  a  zone  fiilly  600  yards  in  breadth,  but  this  includes 
certam  bands  in  which  the  bedding-planes  are  only  partially 
disrupted,  and  the  belt  is  also  complicated  by  faulting.  Its 
component  materials  are  chiefly  slaty  flags,  broken  and  drawn 
out  into  irregular  lenticles  which  often  still  preserve  traces 
of  the  original  bedding.  The  shear-cleavage,  as  already  noted, 
is  strongly  developed  throughout  the  mass. 

The  higher  or  Druidale  portion  of  the  main  valley  above 
this  place  swings  to  the  westward  of  the  conglomeratic  belt  which 
however  is  displayed  for  300  yards  in  the  bed  of  the  side- 
stream,  Glen  Crammag,  whence  its  south-westerly  strike 
probably  carries  it  under  the  drift-covered  moorland,  for  600 
yards,  to  its  final  exposure  in  the  Sulby  basin,  in  the  bed  of 
the  rivulet  west  of  Close,  as  already  described. 

These  Sulby  Glen  sections  thus  afford  satisfactory  evidence 
that  the  autoclastic  structures  are  continuous  for  a  distance 
of  at  least  six  miles.  Moreover,  there  is  no  reason  to  doubt 
that,  before  the  truncation  of  the  Manx  Slate  massif  by 
denudation,  the  belt  has  once  extended  farther  northward, 
— probably  much  farther,  since  the  maximum  development 
of  the  conglomerate  is  attained  at  the  extreme  northerly 
border  of  the  hills. 

There  are  further  developments  of  the  structure  to  the  east- 
ward of  the  great  Sulby  belt,  apparently  on  the  same  strati- 
graphical  horizon,  and  once  perhaps  continuous  with  it,  but  now 
reduced  by  denudation  to  a  series  of  isolated  wedges  set  en 
ichdon.  The  western  border  of  the  most  westerly  of  these 
wedges,  on  the  slope  south  of  Lezajn^e  Church,  approaches  within 
half  a  mile  of  the  eastern  termination  of  the  Sulby  belt  at  Glen- 
tramman,  and  extends  thence  into  the  summit  of  Skyhill 
between  Lezayre  and  Ramsey.  The  weathered  crags  on  the 
northern  crest  of  this  hill  show  very  clearly  the  gradual  disrup- 
tion of  grit-bands ;  while  farther  south  on  the  ridge  three,  or 
possibly  four,  separate  strips  of  crush-conglomerate,  each 
narrower  than  the  last,  may  with  some  difficulty  be  traced,  with 
intervening  wedges  of  more  or  less  unbroken  strata.  On  the 
hypothesis  of  a  once-continuous  sheet  of  crush-conglomerate 
covering  the  area,  these  exposures  may  represent  the  infolded 
remnants  of  its  plicated  lower  margin. 

About  a  mile  farther  south  a  rim  of  breccia,  as  mentioned  on  a 
previous  page  (p.  48),  borders  the  mass  of  grit  on  the  moorland 
west  of  Glen  Auldyn,  and  is  prolonged  north-eastward  into  the 
side-ravine  south  of  Skyhill  Farm,  where  it  is  traversed  by  several 
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Vgreenstone'  dykes.  Its  course  then  becomes  obscure  through 
lack  of  exposures,  but  it  probably  reaches  mto  the  main  glen 
a  little  farther  northward. 

On  the  eastern  side  of  Glen  Auldvn  the  autoclastic  oondir 
tion  is  imperfectly  developed  in  the  low  crag  overlooking 
Balleigheragh  ;  and  occurs,  in  a  series  of  streaks  a  few  feet  wide, 
in  the  stream-bed  of  the  deep  glen  falling  into  Glen  Auldjm  on 
the  east,  near  the  old  lead  mine  marked  on  the  Ordnance 
map.  These  streaks  probably  represent  the  westerly  point 
of  a  wedge  expanding  rapimy  north-eastward  in  the  oirec- 
tion  of  Ramsey,  but  for  three-quarters  of  a  mile  cultiyated 
ground  intervenes,  and  there  are  no  outcrop.  A  belt  of 
breccia  having  a  breadth  of  about  300  feet  is  tnen  revealed  in 
Ballacowle  or  "Elfin"  Glen  (imnamed  on  the  map)  on  the 
southern  outskirts  of  Ramsey,  and  is  prolonged  thence  towards 
the  sea  in  the  broad  ridge  of  BaUastowelL  Its  major  portion  i3 
then  lost,  within  150  yaxds  of  the  coast  line,  under  a  low  terrace 
of  drift ;  but  its  southern  mai]^  reaches  into  Ballure  Glen,  ^dd 
may  j)ossibly  be  continuous  with  a  narrow  strip,  twenty  or  thirty 
feet  wide,  which  is  visible  in  a  Uttle  headland  of  the  adjacent  coast, 
150  yards  east  of  the  first  cliif  of  the  solid  rocks.  This  strip 
appears  to  be  wedged  in  between  parallel  faults. 

In  the  eastern  portion  of  the  Ballastowell   ridge  the  con- 

{flomeratic  belt  is  over  200  yards  wide,  and  its  depth,  between  the 
owest  and  highest  visible  points,  about  300  feet.  Where  cut 
by  the  new  mountain-road  in  the  craggy  slope  overlooking 
luimsey,  its  northern  margin  appears  to  be  multea ;  but  the  same 
margin  to  the  westward  of  the  Albert  Tower,  260  yards  farther 
west,  shows  a  gmdual  passage  from  a  coarse  breccia  of  grit-  and 
fia^-  fraraients  in  a  slaty  matrix,  to  sandy  and  slaty  Qafp  in 
which  the  bedding,  though  much  shattered,  is  more  or  less 
continuous. 

.  In  two  places  on  the  ridge,  the  breccia  has  been  quarried  for 
building ;  the  more  extensive  excavation  is  at  the  eastern  base  of 
the  hill,  behind  Ballure  House ;  and  the  smaller,  near  the  summit 
at  the  western  end,  close  to  the  farmstead  of  BaUastowelL  From 
the  talus  of  the  latter  quarry  Mr.  Bolton,  as  already  m^itioned, 
obtained  the  supposed  impression  of  a  tnlobite.  The  specimen 
is  discussed  on  a  subsequent  page  (see  p.  93). 

The  district  to  the  westward  of  Sulby  Glen  now  remains  to  be 
described.  While  partial  brecciation  is  of  fre(]uent  occurrence  in 
this  area,  the  complete  disruption  of  the  bedding  is,  with  certain 
notable  exceptions,  rarely  attained.  A  few  limited  strips  of 
crush  conglomerate  have  been  recognized  in  the  'unseparated' 
tract  to  the  westward  of  the  outer  belt  of  Barrule  Slate,  but  it  is 
uncertain  whether  they  occur  independently,  or  represent  a 
definite  plane.  Thus,  on  the  hill-slope  east  of  Eork  Michael  the 
structure,  in  a  slaty  form,  is  scantily  exposed  near  the  margin  of 
the  gritty  flags  of  that  district.  Similar  material  is  seen  a^n 
near  Chester,  two  miles  S.S. W.  of  the  former  localitv,  in  alow 
outcrop  between  the  forks  of  the  small  streams  which  unite  at 
this  place.    At  Corvalley  rather  over  a  mile  farther  along  the 
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fiame  line  of  strike,  a  better  exposure  of  highly  sheared  sla^ 
conglomerate  was  observed  in  a  small  field-quarry  200  yards 
west  of  the  high  road  and  500  yards  S.W.  of  the  ancient 
chapel  ruins  (Keeill  Phariek). 

It  is  on  the  coast,  however,  about  a  mile  to  the  westward  of 
these  places  that  we  find  the  best  of  the  western  outcrops,  in 
the  cUn-section  noticed  by  Henslow  (see  p.  65).  This  is,  indeed, 
the  only  large-scale  exposure  of  the  structure  to  be  found 
on  the  shores  of  the  Island,  and  though  somewhat  inaccessible, 
it  is  fortunately  in  other  respects  exceflent.  From  the  northern 
eiid  of  the  section  at  Gob  ny  Creggan  Glassey  near  where  the 
solid  rocks  first  rise  into  the  clifiF,  we  may  find  here  and  there 
for  a  mile  to  the  southward,  thin  streaks  of  breccia  upon  definite 

Fig.  12.— Flan  of  Ctmsh-conglornerate  in  floor  of  a  cave 
south  of  Gob  y  Deigan^  shomng  breaking-up  of 
^ggy  indusums. 

Area,  about  9  square  feet. 


D. 


.^ 


'  D^ 


•  ^ 


<Pw  B 


o   c 


.    d 


A.  Portion  of  a  flaggy  band  with  deep  cracks  filled  with  the  blue  slaty 
matrix. 

A'.  Fragment  just  separated  from  A. 

B.  Blocks  of  naggy  slate  showing  remains  of  original  bedding. 

shear-planes  bordering  the  thin  grit  bands  which  occur  among 
confused  and  crmnpled  banded  slates ;  (see  Fig.  33,  p.  122).  But 
when  we  pass  beyond  Gob  y  Deigan,  to  the  point  where  the 
buttresses  of  the  cliff  are  perforated  by  a  series  of  picturesaue 
sea- worn  caves  and  arches  ^  (probably  betokening  lines  of  fault), 
we  suddenly  find  that  the  whole  section,  from  low  water  mark  on 
the  foreshore  to  the  crest  of  the  solid  clift*  60  to  80  feet  high,  is 
composed  of  autoclastic  breccia  in  various  stages  of  disruption. 
From  this  spot  up  to  the  northern  edge  of  the  supposed  outlier 
of  the  Niarbyl  I  lags  (p.  38)  at  Ballanayre  Strand,  360  yard^ 
distant,  we*  have  a  succession  of  similar  exposures,  difi'ering 
only  in  the  degree  of  the  brecciation  and  the  size  of  the 
unbroken  interGwations.    Access  to  the  section  is  somewhat 


*  This  charming  spot  is  now  locallv  known  as  Gob  y  Deigan  (Devil's  Gob), 
but.  the  (job  y  Deigan  of  the  Ordnance  map  is  the  little  headland  500 
yards  farther  north. 
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difficult,  not  only  from  the  ru^otlneas  of  the  cliff  and  shore, 
but  also  because  the  exjwsures  can  only  be  reached  at  low  water 
of  spring  tides  and  the  time  during  which  they  can  be  studied  is 
therefore  limited.  The  difference  between  the  aspect  of  the 
breccia  in  surfaces  subaerially  weathered  and  in  tbuse  sea- 
worn,  as  noted  by  Henslow,  is  very  striking ;  in  the  former  the 
&agmental  character  is  blurred  by  the  slaty  cleavage  and  can 
scarcely  be  detected  ;  while  in  the  latter  every  feature  is  brought 
out  beautifiilly,  and  every  stage  in  the  bursting  asunder  and 
dispersal  of  the  harder  fragments  in  the  slaty  matrix  can  be 
followed  (see  Fig.  12).  Some  of  the  more  alliaceous  frag- 
ments seem  to  have  possessed  a  slaty  cleavage  before  they  were 
incorporated  in  the  breccia. 

Fig.  13. — Folded  flags  at  margm  of  Crush-conglomerate 
at  Ballanayre  Strand.    Cliff  capped  by  glacial  dri/t. 
Height  about  dO  feet. 


In  the  southern  part  of  the  section  the  conglomerate  is 
traversed,  as  shown  in  Fig,  14,  by  several  'greenstone'  dykes, 
some  of  which  have  been  folded,  frayed  at  the  edges,  and 
dislocated  into  long  tapenng  segments  by  post-breeciation 
shearing,  so  that  m  the  thinner  examples  -  their  igneous 
structure  has  been  almost  obliterated.  In  spite  of  the  number 
and  variety  of  the  Pre-Carboniferous  intrusions  of  the  Manx 
Slates,  all  seem  to  bo  of  later  date  than  the  brecciation.  Careful 
search  was  made  in  many  different  exposures  of  cmsh- 
ftonglomerate  for  fragments  of  igneous  roclt  among  the  other 
inclusions,  but  none  was  fonncT,  either  in  the  field  or  by 
microscopic  investigation  (see  p.  J  00).  It  is  therefore  clear 
that  the  movements  by  which  these  dykes  were  sheared  and 
distorted,  like  those  which  produced  the  fissile  cleavage  in  the 
breccia,  were  distinct  from  and  later  than  the  movements 
which  produced  the  autoclastic  structure.  The  quartz  veins, 
also,   with   which   the   crush-conglomerate  is   frequently  pene-    • 
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trated,  present  in  this  respect  exactly  analogous  phenomena  to 
the  dykes.  They  have  been  stretched  and  broken,  and  the  rock 
around  them  has  been  bruised  and  crushed,  but  they  have  not 
contributed  fiagments  to  the  breccia. 

The  hard  fl^  at  Ballanayre  Strand  probably  represent  part 
of  the  nether  millstone  upon  which  the  hrecciation  was 
accomplished,  while  at  the  some  time  their  mai^n  has  not 
entirely  escaped  the  process  of  disruption.  The  cliff-section  in 
these  flaes  (Fig  13)  exhibits  a  good  example  of  an  overturned 
closed  fold  partly  removed  by  e-*-'- 


FiG.  14. — Cooft  on  northern  side  of  Goby  Skeddan,  show- 
ing broken  and  folded  greenstone  dykes  traversing 
dark  slate  and  Crush-conglomerate. 

Height  of  undercliff  at  *  =•  about  40  fact. 


S.  Dark  slate,  greatly  sheared,  but  still  occasionally  showing  traces  of 
bedding.    Quartz  veins  abundant 

C.    Cruah-conglomerate. 

BO,  Palish  '  greenstone '  dykes^  the  upper  and  lower  bands  of  B**  in  the 
foreground  unite  o:    ■'  -  '--'^'- 


n  the  farther  side  of  the  n 


ir  headland. 


On  the  southern  side  of  the  same  little  bay  the  crush-breccia 
is  again  seen,  in  the  form  of  a  wedge,  sharply  bounded  by 
unbroken  beds,  as  if  faulted  in.  Three  hundred  yards  farther 
southward,  near  Gob  y  Skeddan,'  both  the  foreshore  and  cliff  are 
occupied  by  similar  breccia,  traversed  by  several  much-disturbed 
dykes  and  confused  by  thrust-planes  and  faults,  affording 
exposures  scarcely  inferior  in  mterest  to  thcsg  previously 
described. 


'  This  place  is  named ' 
inch  map. 


n  the  six-inch  Ordnance  map,  but  not  on  the  • 
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Throughout  the  sections  to  the  southward  ot  the  above,  up  to 
the  incoming  of  the  Peel  Sandstone,  the  Slate  Series  with  ito 
accompanying  dykes  and  bosses  of  greenstone  is  chopped  up  in 
every  direction  by  thrust-planes  and  faults.  Some  of  these  may 
indicate  displacements  of  large  amount,  like  the  boundary-feult 
of  the  Sandstone,  but  as  their  value  could  not  be  aacertamed 
they  have  not  been  shown  on  the  one-inch  map. 

Fig.  15.  Diagram  to  illustrate  the  production  of  crush- 
conglomerate  where  strong  lateral  pressitre  has 
affected  a  rock-system  constituted  qf  strata  oj  different 
resistant  qtuUities  {compare  Fig.  7,  p.  61). 

{Fmm  Quart  Journ.  Oeol  Soc ,  vol  li ) 


b— b  (Letttueii  dotted  hiie<)      Original  jioiition  ot  argillacaous  beds 

paaainK  ftradtially  downward*"  into  a    a, 
a— a  (between  dotted  lines)     Urij<inal  position  ot  sandy  beds 
B— B.  Argillaceous  beds  (slates)  after  compression. 
A — A.  Sandy  beds  (flaggy  grits)  after  compression. 
C.  Zone  of  shearing  and  brecciation  due  to  re-adjustment  between  B 

and  A. 
The  strata  are  supposed  to  have  been  driven  in  from  the  side  indicated 

by  the  horizontal  arrow,  which  marks  the  direction  of  movement. 

In  concluding  these  descriptions  it  is  essential  to  point  out 
that  in  almost  every  case  the  autoclastic  structure  occurs  where 
strata  of  different  characters  are  in  juxtaposition,  and  that  the 
disruption  has  taken  place  chiefly  among  the  passage  beds 
between  these  dissimilur  masses.'  It  htus  already  been  shown 
that  the  most  probable  interpretation  of  the  stratigraphy  of  the 
Hanx  Slate  Series  as  a  whole  is,  that  there  has  orifiinally  been  an 
underlying  platform  of  flags  and  grits  (Lonan  and  Niarbyl  Flags 
and  Agneash  Grits)  pa&sing  up  gradually,  through  rocks  of  inter- 
mediate type,  into  an  overlying  argillaceous  mass  (Barrule  Slat«s), 
and  that  the  whole  group  has  undergone  intense  defonnaUon. 
Under  these  conditions,  differential  movement  on  a  large  scale 
was  most  likely  to  occur  in  the  intermediate  zone,  as  the  result 
of  the  <lifference  between  the  compressibility  of  the  underlying 

'  of  Quart  Journ.  Qeol.  Soc ,  vol.  li,,  pp.  S88-3, 


*  Successive  Movements  in  the  Slates.  71 

and  overlying  rocks.  Under  powerful  lateral  thrusting,  if  the 
slates  were  driven  into  narrower  bounds  than  the  grits  a  local 
rending  asunder  and  shearing  of  the  interlocked  masses  one  over 
the  other  would  be  produced.  If  the  limits  of  the  different  rock- 
types  had  been  sharply  defined,  the  readjustment  might  have 
taken  the  form  of  a  simple  thrust-piano,  but  since  the  change 
of  character  was  gradual,  the  disruptive  effect,  having  no 
g^ding  plane,  appears  to  have  spread  throughout  the  belt  of 
passage-beds,  shattering  and  miUmg  many  parts  of  them  into 
dynamic  breccia.  Hence  we  find  the  crush-conglomerate  to  be 
fiiirly  well  restricted  to  a  definite  zone  in  the  series,  below  the 
Barrule  Slates  and  above  the  Flags  and  Grits.  The  dia^m 
on  the  opposite  page  illustrates  the  production  of  the  brecciated 
structure  under  the  above-supposed  conditions. 

The  results  of  the  petrographical  examination  of  the  crush-con- 
glomerate  by  Prof.  Watts  are  given  on  pp.  100-106.  They 
support  and  extend  the  conclusions  drawn  from  the  study  of  the 
rocks  in  the  field,  and  furthermore  show  that  the  brecciation  has 
not  been  accompanied  by  any  increase  in  the  degree  of  mineral 
alteration,  the  sediments  possessing  the  autoclastic  structure 
being  not  more  altered  than  those  in  which  the  bedding  is  pre- 
served. In  an  irregular  belt  along  the  structural  axis  of  the 
massif,  slates  similar  in  composition  to  those  involved  in  the 
brecciation  have  undergone  a  considerably  higher  degree  of 
metamorphism,  apparently  from  dynamic  action,  without  dis- 
ruption of  their  beading  (see  p.  108). 


Succession  of  Movements  in  the  Manx  Slates. 

The  earth-movements,  as  we  have  already  seen,  have  affected 
the  rocks  at  more  than  one  period,  and  there  seems  to  be  strong 
grounds  for  believing  that  intervals  of  quiescence  or  comparative 
quiescence,  perhaps  of  long  duration,  have  separated  the  succes- 
sive periods  of  movement.  But  as  the  effects  of  the  different 
epochs  have  been  superimposed  one  upon  the  other,  the  task  of 
tracing  out  the  successive  stages  is  extremely  difficult.  In 
investigating  the  phenomena  it  nas  seemed  to  me  that  I  could 
recognise  the  following  phases ;  and  this,  though  stated  without 
mucn  confidence,  may  serve,  at  any  rate,  as  a  provisional 
classification. 

1.  Consolidation  of  the  sediments,  accompanied  by  feeble 
disturbance  of  the  bedding. 

2.  Acute  folding,  leading  to  fluxion-movement  along  the 
bedding  planes,  ana  in  its  later  stages  to  extensive  displacement 
in  every  part  of  the  series,  with  the  development  of  strain-slip 
and  brecciation  in  certain  areas. 

3.  Relief  from  extreme  strain,  and  intrusion  of  the  older 
basic  dykes,  and  segregation  of  the  older  quartz  veins. 

4.  Renewed  pressure  on  the  folded  mass,  causing  the  local 
development   of  close-set  planes  of  flssility  or  shear-cleavage 
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through  the  further  compression  of  the  rock-materiaL  Sericitic 
mica  frequently  developed  on  the  planes  of  movement,  along 
with  other  and  more  considerable  metamorphic  effects  in  certain 
tracts.  The  intrusion  of  the  granitic  rocks  seems  to  have  taken 
place  at  about  the  close  of  this  stage. 

5.  After  short  interval  of  comparative  quiescence,  the  stresses 
again  renewed,  especially  on  the  flanks  of  the  Island,  acting  in 
the  same  direction  as  before,  but  with  less  intensity,  producing 
incipient  cleavage  in  the  finer  grained  strata,  but  with  little 
shearing  except  along  definite  planes  of  weakness.  The  granitic 
dyke -rocks  suffered  deformation  during  this  stage. 

The  above  stages  of  movement  seem  all  to  have  been  Pre- 
Carboniferous. 

6.  Post-Lower-Carboniferous  disturbances,  producing  much 
local  complication  in  the  Carboniferous  rocks  (see  Cnap.  v.), 
but  with  no  recognisable  effect  except  normal  faulting  in  the 
older  strata 

Of  these  stages  the  second  and  fourth  are  those  which 
principalljr  concern  us  in  considering  the  rock-structures,  the 
former  being  i^specially  the  period  of  intense  deformation  and 
the  latter  of  mineral  alteration. 


Other  Effects  of  Movement  in  the  Manx  Slates. 

While  the  crush-conglomerate  represents  an  extreme  phase  in 
the  effect  of  the  orogenic  forces,  many  other  structures,  fallmg  short 
of  this  extreme  but  equally  deserving  our  attention,  have  been 
produced  by  the  same  cause,  and  these  will  now  be  considered. 

The  flow  of  the  rock-particles  during  the  folding,  in  a  direction 
more  or  less  parallel  to  the  bedding  planes,  nas  given  rise 
to  certain  features  which  are  best  illustrated  in  the  banded 
slates  of  the  *  unseparated  *  type  and  in  the  finer-grained 
grey wackes  or  mudstones  of  the  Lonan  and  Niarbyl  Flags.  The 
dominant  parallel  planes  in  these  rocks  correspond  generally  to 
the  original  bedding,  but  here  and  there  between  these  planes 
we  niav  discern  irregularities  of  the  stratification,  revealed  by 
the  colour-stripe,  in  the  form  of  minute  puckering  and  thicken- 
ing of  certain  laminjc,  counter-balanced  oy  the  cutting  out  or 
tapering  away  of  others,  the  structure  sometimes  simulating 
cross-bedding  (see  Fig.  16)  and  ripple-marking.  It  is  by 
this  kind  of  re-adjustment  that  the  band  as  a  whole  has  adapted 
itself  to  its  position  in  the  fold,  thickening  or  thinning  to  a 
remarkable  extent  within  the  distance  of  a  few  feet. 

Where  the  separate  strata  are  thick,  flaggy  and  nearly  homo- 
geneous, the  intramural  movement  may  implicate  every  particle 
of  the  individual  band  without  disturbing  the  surface  of  the 
layers  or  destroying  the  general  parallelism  of  the  bedding. 
Where,  however,  the  rock  is  thinly  bedded,  and  especially  where 
there  are  alternating  layers  of  different  composition,  the  same 
process  has  caused   more   or  less  disturbance  of  the  bedding 
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planes,  producing  in  one  place  crumpling  through  compression 
and  in  another  disruption  througn  stretching,  with  many 
curious  modifications  ot  form.  These  structures  are  frequently 
conspicuous  on  the  surfaces  of  the  flaggy  beds,  and,  in  the 
Isle  of  Man  as  well  as  in  many  other  places,^  have  been 
mistaken  for  original  characters  of  the  sediments.  The 
misapprehension  has  been  particularly  prevalent  in  regard  to 
the  mmor  plications  of  the  bedding-planes,  which  have  been 


Fig.  16.  Laminated  slate  ivith  disturbed  bedding 
simtUating  cross-bedding.  From  a  specimen  in  the 
Surwy  Collection  obtained  near  Ramsey. 

About  two-thirds  natural  size. 


many  times  described  as  ripple-markings  and  held  to  indicate 
the  shallow-water  ori^  of  the  deposits.  In  every  instance 
which  I  have  exammed,  these  supposed  ripple-marks  have 
proved  to  be  secondary  structures,  due  either  to  the  emergence 
of  parallel  series  of  small  step-faults  akin  to  strain-slip  (as  in 
Fig.  17),  or  to  the  rucking  up  of  the  bedding  plane  in  little 
folds  which  have  sometimes  been  overthrown  and  broken 
in  the  under  limb  (as  in  Fig.  18). 

^  As  for  example,  in  the  Cambrian  Flags  of  Bray  Head  in  Ireland, 
where,  in  all  the  cases  1  have  examined,  the  so-called  ripple-marks  are 
identical  in  origin  with  thcwe  of  the  Isle  of  ^fan 
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Fig.  17.  Section  in  rrag  on  western  side  qfSuibff  Glen, 
west  of  bench-mark  137'  6"  {six-inck  map,  sheet 
4),  showing  method  oj  prodmtum  of  pseudo-ripjpU 
marking  by  strain~slip-/aulting. 

(From  Quart.  Jonrn.  Geoi  Soc.,  vol.  li.    Compare  Fig.  18.) 
Length,  about  2  feet. 


AAA.  Bands  of  grit  1  to  3  inches  thick,  cut  displaced  and  letu;thened 
by(y— y)  oblique  strain-slip  planes.  Dark  slate,  much  sheared,  between 
the  grit-bands. 

This  pseudo-rippie-markiiig  is  commonly  developed  in  Ae 
thin  sandy  bani^  among  the  striped  slates,  hut  niay  occur  in 
any  hard  seam  traversing  softer  beds.  Thus,  the  exMnjdB 
represented  in  Fig.l'J  shows  the  structure,  on  a  small  scale,  in  A 
thill  segregation- vein  of  quartz. 

Hence,  although  the  rocks  are  in  many  places  of  a  character  in 
which  ripple-marking  may  once  Have  existea,it  is  doubtful  whether 

Fig.  18.  Rork-rippUng  of  thin  gntty  layer  in  date  by 
earth-morement.  Frmn  a  specimen  in  the  Smtey 
Collection  obtained  on  the  foreshore  at  Cass-ny- 
Iiawin. 


About  half  the  natural 


the  true  structure  anywhere  now  remains  in  them ;  if  ori^nally 
present,  it  has  been  masked  by  the  secondary  deformation. 
Analogous  to  the  pseudo-rippling,  but  of  rarer  occurrence,  is 


StBDCTOBKS  DDE  TO  MOVEMENT.  V5 

another  curious  structure  which  is  probably  confined  to  the 
interior  portion  of  the  crests  and  troughs  of  closed  folds.  In  such 
situations  the  harder  rock-bands  have  sometimes  been  crumpled 
and  thickened  bo  that  their  surfaces  have  risen  up  into  the  more 
plastic  material  overiyine  them  in  small  lenticular  swellings  or 
bosses,  more  or  less  repiuar  in  size  and  so  arranged  between  two 
intersecting  sets  of  strain-slip  &ults  or  joint  planes  that  the  rock- 
surface  presents  a  rude  embossed  pattern. 

This  structure  seems  to  have  been  noticed  by  BeIger^  who  re- 
marked that  it  was  called  by  the  quarry-men  "knobby-side." 
An  unusual  example  from  the  ncignbourhood  of  Perwick  near 

Fig.  19.  Rock-rippliftg  affecting  thin  quartz  rein  in  slate. 
From  a  specimen  in  the  Surrey  Collection  obtained 
on    the  slope  beneath  Gob  y   Volley. 

SI  it'll  tly  reduced. 


Port  St.  Mary,  in  which  the  protuberances  have  been  elongated, 
perhaps  by  a  later  movement  than  that  which  originated  them 
IS  illustrated,  though  somewhat  crudely,  in  Fig  20  on  the  next 
page,  taken  from  my  note -book. 

Somewhat  analc^ous  to  this  structure  and  to  a  certain  extent 
its  reverse,  produced  probably  under  conditions  of  stretching 
instead  of  compression,  is  the  singular  tesselation  sometimes 
exhibited  by  surfaces  of  thin  beds  m  the  flags  due  to  a  slight 
ridging  up  of  the  material  aloi^  intersecting  lines  of  jointing  or 
strain-slip.  These  ridges,  one-tenth  to  one-quarter  of  an  mch 
high,  form  sets  of  fairly  regular  parallel  lines,  from  one  to  three 
inches  apart,  crossing  each  other  at  uniform  angles.  Usually 
thereare  twosetsof  tberidgos,  asin  Fig.  21,  but  occasionally  three 
or  more  sets  occur,  resulting  in  a  somewhat  irregular  meshwork 
of  intersecting  lines,  as  in  Fig.  22.  These  structures  evidently 
belong  to  the  period  of  acute  folding  (No.  2  of  the  above 
classincatiOD),  and  they  are  crossed  by  the  faint  striie  of  the  later 
shear-cleav^e  (No.  4  and  possibly  in  partNo.  5  of  classification). 

»  Barger  op.  cit.  p.  ,ta,     Thb  structure  aU-)  is  bemtifulty  developed  at 
Bray  Head. 
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Another  interestii^  structure  due  to  the  differential  moTemest 
of  one  bed  over  another  during  the  foldim  takes  the  form  of 
brighUy  burnished  planes  of  stratification,  which  occur,  thoudi 
Boraewhat  rarely,  among  the  fine-grained  Niarbyl  Flags.  Simiur 
polished  planes  are  well  known  in  the  folded  limestones  ot  the 
Jura. 

It  is  evident  that  all  these  structures  are  early  phases  of  the 
process  which  produced  the  brecciation,  the  difference  being  one 
of  degree  only.  On  theoretical  grounds  it  has  been  stated  that 
the  '  zone  of  fiowage '  of  rocks  in  the  earth's  crust  lies  below  the 

Fig.  20.  Corrugated  surface  of  grit-band  in  flaggy  slate, 
in  ivest  bank  of  gtdly  south-west  of  Fistard  village 
near  Port  St.  Mary. 


'  zone  of  brecciation,'  and  that  at  a  depth  exceeding  10,000  metres 
no  fracturing  such  as  that  indicated  in  the  '  autoclastic  '  rocks 
can  take  place.^  But  while  great  depth  may  be  requisite  to 
bring  the  whole  of  a  consolidated  rock-mass  into  the  state  of 
flow,  it  is  certain  that  very  considerable  transference  of  material 
by  gradual  "  creep "  from  one  part  of  the  fold  to  another,  can 
take  place  comparatively  near  the  surface,  even  in  rocks  of 
extreme  hardness.  In  the  Isle  of  Man  the  brecciation  does  seem 
to  have  taken  place  at  a  slightly  higher  horizon  than  that 
occupied  by  the  unbroken  grits  and  flags,  but  I  think  it  is  by  the 
dissimilarity  in  lithologicat  composition  of  the  rooks,  and  not  by 
the  relatively  small  difference  in  depth  that  the  variation  in  the 
character  of  the  secondary  rock-structures  can  be  most  readUy 
explained.  During  the  production  of  a  fold  under  a  certain 
thickness  of  super- incumbent  material,  the  stresses  in  one  and 
the  same  place  must  vary  greatly  from  time  to  time,  according 
to  the  position  which  the  movmg  strata  assume  in  regard  to 
the  direction  of  the  pressure,  so  that  any  particular  segment 

'  See  Van  Hise,  op.  eit.,  pp.  502  et  stq 
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during  one  part  of  the  process  might  be  placed  under  conditions 
producing  *  flowage/  and  at  another  under  those  producing 
fracture.  In  this  connection  the  element  of  time,  as  it  is 
acknowledged,^  may  be  of  prime  importance,  since  extensive 
deformation  by  flow  mi^ht  take  place  under  comparatively  slight 
stress,  if  this  be  sustained  sufficiently  long.  All  the  various 
above-described  eflects  of  movement  in  the  Manx  rocks  may  be 
explained  by  supposing  that  in  some  cases  the  compressive  forces 
were  so  slow  in  tneir  action  as  to  permit  gradual  re-adjustment 

Fig.  21.  Ftickeinngs  on  bedding-plane  of  Jine-grained 
flags  {Niarbt/l  Flags) ;  front  specimen  in  the  Swrvey 
Collection  obtained  on  the  coast  near  Dolby  Point. 

About  one-third  natural  size. 


of  the  material  in  the  growing  fold  by  "  creep,"  while  in  other  in- 
stances the  '  natural  pmsticity '  of  the  rock — if  we  may  use  this 
term — could  not  keep  pace  with  the  rate  of  growth  of  the  fold,  and 
more  rapid  methods  of  deformation  were  then  called  into  play. 
Under  tne  latter  conditions  the  intersecting  systems  of  strain- 
slip-planes  with  their  concomitant  phenomena  have  been 
prodnced,  and  these  may  bo  traced  step  by  step,  with  increasing 
severity  of  displacement  (see  Figs  23  and  24),  imtil  we  reach  the 
extreme  state  of  complete  disruption  of  the  strata  and  their 
reconstruction  as  an  autoclastic  conglomerate. 

At    a    somewhat    later    date  than    the  major  folding,    the 
»^— — ^-^— ^^— ^— ^— ^^■"~"— "  ~"^"^~"  ■~""^~"^"~^^ 

^  See  Van  Hise,  op,  cit^  p.  594. 
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structure  which  1  have  described  as  'shear-cleavage'^  WM 
extensively  developed  in  the  area.  This  structure,  agreeing  in 
most  respects  with  that  termed  *  fissility '  bv  some  autnors,*  and 
' ausweichunes-cleavage *  or  'strain-slip  cleavage'  by  others, 
consists  in  tne  development  of  close-set,  more  or  less  parallel 
planes  of  shearing,  along  which  the  opposing  sur&ces  have  been 
slightly  shifted  relatively  to  each  other.  A  distinction  is 
usually  drawn  on  theoretical  grounds  between  this  structure 
and  the  *  true '  or  *  ultimate '  slaty  cleavage,  in  which  the 
mineral  particles  of  the  cleaved  rock  are  supposed  to  have  been 

Fig.  22.  Tessellated  pvjckerxTig  on  bedding-plane  of 
Niarbyl  Flags;  from  specimen  in  the  Survey 
Collection  obtained  on  the  coast  near  DaJby  Point. 

About  one-third  natural  size. 


forced  by  pressure  into  such  a  position  that  their  longer  axes 
possess  a  parallel  arrangement  throughout  the  mass,  so  that  the 
tendency  of  the  rock  to  split  in  a  definite  direction  is  not 
confined  to  particular  planes,  but  affects  equally  every  portion 
of  the  matenal.  It  is  dioubtful,  however,  whether  this  (ustmction 
can  be  made  in  the  field  in  any  area  whore  extensive  shearing 
has  taken  place,  and  where  both  structures  may  be  present  in 
the  same  rock.  In  the  Manx  Slates,  thougn  the  'shear- 
cleavage  '  is  nearly   always    predominant,  the  two  structures 

}  Quart  Journ.  Geol.  See.,  vol.  IL,  p.  567.  My  reason  for  applying  a 
separate  term  to  this  structure  is.  that  it  is  frequently  present  along  witn  a 
much  more  widely  si)aced  and  Setter-defined  system  of  strain-slip  planes 
independent  in  direction  and  apparently  of  older  date,  probably  connected 
with  the  brecciation-stage  of  movement.    See  Figs.  17  and  24. 

*  See  Van  Hise,  op.  cit,  p.  633. 
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Appear  to  merge  inseparably  into  each  other,  so  that  the 
intenor  portion  of  a  block  of  slato  surrounded  by  shear-planes 
may  possess  a  structure  indistinguishable  from  '  ultimate 
cleayt^,'  but  passing  insensibly  at  the  margins  into  well- 
marked  '  shear-cleavage '  or  '  fissility,'  without  change  of  direction. 
The  period  at  which  this  shear-cleavt^  was  developed  in 

Fig.   23.      Crest  of  fold  in  Niarbi/l  Flags  in   diff  at 

northern  side  of  The  Ladder,  Contrary  Head. 

(From  Quart.  Joum,  Oeol.  Soc,  vol.  li.). 

Length,  4  feet 


A,  A.    Pale  band  in  slaty  flaga,  pulled  apart  into  pebble-like  lenticlu 
1  to  2  inchee  in  length, 
y,  y.     Faintly-developed  planes  of  strain-slip. 

FiQ.  24.     Crag  of  strongly -banded  sandy  slate  in  eastern 
bank  of  Sulby  River  below  Snaefell,  (450  yards 
north  of  "  Lead-mine"  of  six-inch  map.  Sheet  7). 
(From  Quart.  Jonra.  Qeol.  Soc.,  vol.  li.). 
Length,  about  t>  feet 


A,  A.    Oril^band,  about  i^  inch  thick,  crumpled  and  partially  broken, 
among  puckered  slat«s. 

B,  &B.    laoUted  pebble-like  fragments  of  grit,  apparently  squeezed  out 
from  taa  band  A. 

y,  y.  Strain-slip  planes,  cutting  and  displacing  the  bedding. 
x,£.     Later     'shear-cleavage,'    with   the    same  strike  as  the  bedding 
(N*.  40*  W.)  but  a  different  degree  of  dip  (about  30°). 

the  Manx  rocks  must  have  been  later  than  their  brecciation, 
ainoe  it  has  affected  the  crush-conglomorates  equally  with  the 
surrounding  unbrecciated  rocks  (see  p.  6^  Figs.  9,  10),  and  also 
the  greenstone  dvkes,  which,  as  we  have  seen  (p.  68),  were 
"    '  '  ■        '■-    -1     "^       ■-.--_      jtiese  dykes 


injected  among  tne  slates  afier  the  brecciation. 
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in  many  places  have  been  shredded  down  into  chloritic  schists  ny 
the  later  shearing,  During  their  intrusion  the  earth-move- 
ments seem  to  have  rekxed  in  severity,  or  were  oven 
temporarily  in  abeyance,  (Stage  3  of  classi&cation).  Afterwards 
there  came  a  renewal  of  the  iorces,  acting  in  the  same  direction 
as  before,  still  further  compressing  the  already  packed  and 
folded  massif,  and  producing  a  fissile  structure  both  in  the 
sediments  and  the  dyke-rocks  (Stf^  4).  Later  followed  the 
intrusion  of  the  granite  masses,  with  their  associated  micro- 
granite  dykes,  which  are  seen  in  many  places  (see  pp.  128, 150) 
to  intersect  the  older  greenstones  ana  to  alter  them  at  the 
contact  in  such  a  manner  as  to  suggest  that  the  basic  dykes 
had  previously  received  their  '  shear-cleavage.'      Whether  there 

Fig.  25.     Diagram  of  edges  qf -pale  flaggy  mudstones  (a,  a) 
ivith  thin  dark  blue  slaty  partings  {b,  b). 
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z,  X.  Sbear-cleaviwe,  obscure  id  the  mudstoaea,  but  strongly  developed 
as  ui  oblique  ^rrated  frilling  in  tlie  eLa,ij  partings. 

was  any  relaxation  of  the  pressure  during  the  irruption  of  the 
granites  is  not  clear,  but  it  is  certain  that  toe  strain  was  renewed 
(Stage  5)  after  the  consolidation  of  those  rocks,  since  shear- 
structure  has  been  imparted  to  their  margins  and  to  their  elvans, 
though  in  a  less  degree  than  to  the  older  basic  dykes. 

The  quartz  veins  stand  in  the  same  relation  to  the  different 
stages  of  movement  as  the  dykes ;  they  are  all  posterior  to  the 
primary  folding  and  brecciation,  but  have  been  formed  during 
more  than  one  of  the  later  stages,  and  some  have  therefore 
been  implicated  to  a  greater  extent  than  others  in  the  move- 
ments. A  few  ot  the  veins  seem  to  be  of  later  date  thiin 
the  disturbances  and  are  probably  Post-Carboniferoiis,  but  Uiese 
are  comparatively  rare. 

In  the  strongly  banded  slates  bordering  the  Bamile  Slates, 
iuid  in  the  argillaceous  intercalations  among  the  fla^y  rocks 
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of  the  '  unseparated '  centra.)  area,  the  shear-cleavage  is  especially 
■well  developed  and  frequently  in  more  than  one  direction. 
On  the  flanks  of  the  island  it  is  not  so  well  seen,  except 
occasionally  in  the  slaty  intercalations  of  the  Lonan  and 
Niarbyl  Flags. 

The  more  or  less  obUque  emergence  of  the  shear-planes 
upon  a  rock-aurface  frequently  produces  a  peculiar  and  charac- 
teristic minute  frill-structure  in  beds  of  fine  texture.  This 
structure  is  most  apparent  in  the  argillaceous  layers,  and 
sometimes  strips  out  thin  slaty  partings  among  the  harder 
flags  transversely  along  the  strain-slip    planes,  so    that  each 

Fig.  26.  Section  in  crag  on  western  slope  of  Glen  Dhoo> 
BaMaugh  (opposite  "  T.  Mill"  of  6  inch  map, 
Sheet  7),  showing  extreme  shearing  of  strata  in 
the  crest  of  a  fold. 

(From  Quart.  Joum.  Oeol.  SoCt  vol.  li.) 
Length  about  3  feet 


A,  A,  Sandy  and  B,  B,  Blaty  bands,  fRirly  well  defined  in  the  limbs  of  the 
fold,  but  frayed  out  into  reconstructed  sctuatoae  material  in  the  creat. 

lamina    presents    a     saw-like    cross      section     bearing    some 
resemblance  to  a  sheared  graptolite,  as  shown  in  Fig.  25. 

The  frilling  reaches  its  greatest  intensity  on  the  crests  of 
folds,  where  it  sometimes  nearly  obliterates  even  the  moat 
pronounced  bedding  (see  Fig.  26),  while  in  the  more  homo- 
geneous strata  like  the  Barrule  Slates  the  structure 
completely  overpowers  the  original  stratification. 

Frequently  the  parallel  planes  of  fiasihty,  when  transverse  to 
the  biding,  are  thickly  clustered  in  bands  of  ^  to  ^  inch  in 
breadth,  separated  by  intervening  unaffected  spaces  of  an  inch 
or  two;  and  in  such  coses  the  alternation  of  the  sheared  zones 
showing  the  sericitic  shimmer  with  those  in  which  the  fissile 
structure  is  absent,  gives  an  appearance  very  closely  simulating 
true  bedding,  though  of  course  in  no  way  connected  with  it ; 
as  in  Fig.  27.  When  sheared  dyke-rocks  arc  affected  by  this 
fiilse  Btnpe  it  is  impossible  to  dhtinguish  them  bora  the 
slates,  unless  independeot  evidence  can  be  obtained  of  their 
intrusive  character. 

tin.  F 
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The  di£liculty  in  distinguishing  between  the  beddii^  and 
the  'fissile  tendency'  in  such  cases  was  commented  on  at 
considerable  length  by  Macculloch,  who  failed  to  recognise  the 
true  character  of  the  sheared  '  greenstone '  dykes,  and  \ras 
thereby  led  to  the  conclusion  that  these  dykes  in  a  section 
near  Douglas  were  greywacke  bands  and  indicated  the  true 
bedding  manes.'  Henslow  was  similarly  misled  by  the  resem- 
blance of  the  dykes  to  greywackes';  as  also,  at  much  lat«r 
dates,  Harkness  and  Nicholson,  h?  an  altered  trap  at  Laurel 
Moimt  near  Ramsey,'  and  Clifton  Ward  by  the  sheared  micro- 
granite  at  Crosbjr*  (see  pp.  135, 168). 

Fig.  27.  Belts  of  strain-slip  traversing  crumpled  slate 
and  producing  an  appearance  resembling  strati- 
Jication.  From  specimen  in  the  Survey  Collection 
from  the  Bamde  Slates  near  Sna^eU. 

About  half  natural  aize. 


In  some  localities,  especially  in  the  belt  of  laminated  slates 
between  the  Agueash  Grits  and  the  Barrule  Slates,  the  ro<^ 
possess  two  or  even  three  distinct  sj'stems  of  cleavage- 
planes,  striking  in  different  directions  and  intersecting  each 
other  at  definite  angles,  as  shown  in  the  annexed  example, 
Fig.  28. 

In  such  cases  it  is  difficult  to  decide  whether  we  are  dealing 
with  the  effects  of  separate  stages  of  movement  superimposed 
upon  each  other ;  or  with  the  complex  results  broi^ht  about 
during  a  single  stage  by  the  gradual  change  of  position  of  the 
strata  during  the  lormation  oi  the  fold ;  or  with  instances  of 
uncomplicated   '  cross-fissility,'  a  structure  thus  described    by 

1  "The  WestcFD  Islands,  etc.,"  pp.  S4S-G44  and  pi.  xxviiL  Fig.  1. 

*  Trana.  Journ,  Geol.  Soc,  vol.  v.,  j>.  490,  Rnd  PI.  35,  Figs,  1,  8  and  3. 
'  Quart.  Journ.  Oeol.  Soc  vol.  xiii.,  p.  i89. 

*  Geol.  Mag.,  dec.  ii.,  vol,  vii.,  p.  3. 
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the  American  geologists* ;— "  In  the  zone  of  fracture  where 
the  difFerential  stress  surpasses  the  ultimate  strength  of  the 
rock,  there  may  be  produced  a  fissility  in  two  sets  of  inter- 
sectii^  planes  equally  inclined  to  the  greatest  pressure." 

If  we  accept  the  ]ast  explanation  as  the  most  probable,  then  we 

Fig.  28.    Laminated  slate  with    intersecting  planes  q/ 
shear-cleavage  in   three  directions.     From  speci- 
men in  the  Survey  Collection  from  mwrgin   oj 
Barrtde  Slates  south-east  qf  Sna^eU. 
Nearly  oatnral  lixe. 


shall  rect^nize  in  the  specimen  figured  above,  (1)  Flow-structure 
parallel  to  the  bedding-planes,  assignable  to  Stage  2  of  our 
classification,  and  (2)  '  cross  fissility '  of  later  date  (St^e  4),  in 
this  case  meeting  at  an  angle  of  80°,  but  in  other  places  making 
angles  varying  from  36°  to  a  right  ai^le.  In  the  central  part  ot 
the  massif;  where  the  '  cross-fissility '  is  chiefly  developed,  these 
are  perhaps  the  only  stages  of  movement  definitely  recognizable 
in  the  sedimentary  rocks,  and  evidence  for  the  later  stage  (5  ot 
classification)  is  presented  only  by  the  intrusive  microgranites. 
On  the  flanks  of  the  Island,  however,  the  last-mentioned  stage 
appears  to  have  given  rise  to  a  '  later  cleavage '  in  the  slates, 
ihongh  as  hinted  above  the  distinction  between  it  and  the  earlier 

•  See  Ho»kiu6  and  Van  Hise,  o|i.  tit.,  pi).  C4    et  seq.  and  846  «( teq. 
31M.  '  3 
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Fig.  29.  Sketch-map  of  the  Isle  of  Man,  showmg 
(a)  principal  cleavage;  (b)  position  (if  metamor- 
phosed slates ;  (r.)  position  of  granitic  intrusions  and 
of  dykes  connected  therewith ;  and  (d)  distribution 
of  ci-ush -conglomerate. 


E£!I<>*A 


The  arrowH  show  the  direction  of  <li]>  of  the  dominant  cleavage,  and  the 
figures  the  amount  in  dcgreu).  The  broken  line  indicates  the  position  of 
Uie  somewhat  interrupted  anticline  of  uloavage.  The  continaoua  lioes 
inaik  the  railwavs. 
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structures  is  often  &r  from  satisfactory.  This  latest  cleavage 
affects  the  greenstones  and  microgranitos  eqimllj  with  tno 
strati6ed  rocKS.  With  few  exceptions,  it  preserves  a  r^ular 
strike  in  every  part  of  the  Island  where  it  can  be  recognized, 
and  dips  generally  from  the  central  anticlinal  axis,  us  shown 
on  the  BKetch  map,  Fig.  29.  This  r^ularity  indicates  that 
the  strata  had  been  folded  and  packed  before  this  cleav^e 
was  developed  in  them  and  that  they  have  not  since  been 
much  disturbed.  Even  at  this  stage,  some  minor  degree  of 
shearii^  has  taken  place  among  the  rocks,  since  the  cleavage- 
structiire  only  now  and  ^ain  approximates  to  '  true  slaQr 
cleavage,'  and  more  often  has  the  character  of  alight  strain- 
slip.  Its  direction  frequently  coincides  with  that  of  the  earlier 
structures,  and  where  the  angle  of  dip  is  also  the  same  it  is 
indistinguishable  from  thent 

There  is  firequently  a  close  relationship  between  the  folding  of 
the  strata  and  the  cleavagO'Structures,  as  shown  in  the 
following  section,  Fig.  30,  where  the  inclined  axial  planes  of 
the  minor  folds  are  parallel  to  the  planes  of  the  cleavage. 

Fig.  30.  Section  in  Lonan  Flags  at  foot  of  cliff  on 
north  side  of  the  North  Pier  at  Laxey,  showing 
agreement  between  axial  plane  c^f  folds  and  cleavage. 


x—x.    Obscure  cleavage  in  same  direction  as  bedding  but  at  a  steeper  angle. 
y  — y.     Asial  plane  of  amaU  fuld 

It  is  also  common  to  find  the  cleavi^e  in  agreement  with  the 
bedding  planes  of  the  strata  both  in  strike  and  dip,  in  which 
case  the  secondary  structure  ia  only  visible  in  weathered  out- 
crops, where  it  will  often  cause  the  thicker  rock-bands  to  shiver 
into  slaty  fragments.  It  is  in  the  crests  and  troughs  of  folds, 
where  the  biding  divei^es  from  the  dominant  direction,  that 
the  structure  is  most  distmctly  visible  (see  Figs.  3  &  26). 

On  the  flanks  of  the  Island,  and  in  the  fl^y  rocks  generally, 
the  most  frequent  relationship  is  that  whue  the  bedding  and 
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cleavage  have  approximately  a  common  strike,  they  divewf© 
widely  in  degree  of  dip,  that  of  the  cleavage  remaining  steady 
over  wide*  areas,  while  that  of  the  folded  Adding  varies  from 
point  to  point.  Even  in  the  larger  folds  like  the  great  syncline 
skirting  tne  east  coast  from  Clay  Head  southward  to  beyond 
Douglas  Head,  the  cleavage  is  unaffected  hy  the  reversal  of  the 
bedmng  and  maintains  its  dominant  direction  and  angle  across 
the  strata. 

This  cleavage  has  an  unfavourable  effect  upon  the  rock  as  a 
buildinjs;-stone,  its  oblique  eme^ence  on  the  bedding-planes 
producing  a  wedge-shaped  edge  in  the  quarried  flags  wmch  can 
DC  only  partially  removed  by  (&essing. 

The  granitic  bosses  of  Foxdale  and  the  Dhoon  appear  to 
cause  a  displacement  of  the  anticlinal  axis  of  cleavage  in  their 
vicinity,  as  elsewhere  described  (p.  168),  as  well  as  some  minor 
local  modifications  (see  Map.  Fig.  29).  But  the  intrusions  occur 
in  the  belt  in  which  the  different  structures  are  more  or 
less  inseparable ;  and  while  the  evidence  suggests  that  a 
fissile  structure  was  in  existence  in  the  strata  before  the  irruption 
of  the  igneous  rocks,  and  that  other  structures  have  l)een 
imparted  since  the  consolidation  of  the  granite,  it  is  not  sufficient 
to  enable  us  clearly  to  distinguish  them  where  both  are  present. 


Faults. 

As  already  mentioned,  the  value  and  effect  of  overthrusts  and 
faults  upon  the  Manx  Slate  Series  can  rarely  be  estimated 
although  we  know  that  extensive  displacements  have  occurred 
both  in  Pre-Carboniferous  aud  in  Post-Carboniferous  times. 
Even  the  faults  which  bring  down  the  newer  Palaeozoic  strata 
into  the  flanks  of  the  massif  can  rarely  be  traced  beyond 
the  borders  of  the  Carboniferous  rocks,  irom  the  difficulty  in 
identifying  them  amid  the  general  confusion  and  deformation 
of  the  older  strata  and  from  the  prevalence  of  fiiult-like  effects 
produced  by  other  causes.  For  example,  the  disappearance  of 
members  of  the  Slate  Series  on  their  line  of  strike  may  be 
either  the  result  of  faulting  or  of  the  pitch  of  the  folds ;  and  a 
sudden  change  of  rock-character  at  tne  surface  transverse  to 
the  strike,  wnen  the  strata  are  so  often  almost  vertical,  may 
denote  a  strike-fault  or  simply  the  upturned  normal  succession 
of  beds  of  different  composition.  For  these  reasons  the  tracing 
of  fault-lines  within  the  Manx  Slate  area  must  necessarily  be 
more  or  less  hypothetical ;  and  it  was  thought  unadvisable,  so  lonff 
as  the  difficulties  of  the  ground  could  oe  otherwise  explained, 
to  introduce  such  lines  on  the  published  map. 

Nevertheless,  the  cliff-sections  all  round  the  shores  of  the 
Island  reveal  planes  of  crushing  and  probable  dislocation  at 
frequent  intervals,  and  similar  appearances  are  numerous  in  the 
stream-beds  of  the  interior,  giving  rise  to  deep  narrow  rock- 
gullies  where  they   coincide  with    the   water-courses,  and    to 
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cascades  where  they  cross  them>  Most  of  these  fractures  fall 
into  one  or  the  other  of  two  sets,  goinff  either  about  E.N.E.  to 
W.S.W.,  i.e.,  approximately  with  the  strike  of  the  rocks ;  or  in  a 
direction  more  or  less  nearly  at  right  angles  to  this,  namely, 
N.  or  N.W.  to  S.  or  S.E.,  i.e,,  across  the  strike. 

The  planes  of  the  strike-faults  are  sometimes  of  low  hade 
and  accompanied  by  crushed  stringers  of  vein-quartz  and 
brecciated  rock,  with  other  indications  of  reversed  faulting  or 
overthrusting  (see  Fig.  44,  p.  178) ;  while  the  north  and  south 
fractures  are  generally  steep,  sharply  defined,  with  a  newer  aspect, 
and  Uke  normal  &idts.  On  this  evidence  it  was  at  first  thought 
that  all  of  the  former  set  were  older  than  all  of  the  latter ;  but 
an  examination  of  the  north  and  south  lodes  of  the  lead  mines 
at  Comah,  Laxey  and  Ballacorkish  (see  p.  487),  which  seemingly 
represent  faults  of  this  direction,  revealed  the  fact  that  these 
are  intersected  and  displaced  by  *  slides'  or  faults  having  the 
east  and  west  direction.  Hence  it  appears  likely  that  eacn  set 
may  include  fractures  of  different  epocns. 

That  some  of  the  fjEiults  may  be  of  Post-Tjiassic  age  is  indi- 
cated by  the  presence  of  a  dislocation  in  one  of  the  deep  borings 
in  the  north  of  the  Island,  which  apparently  brougnt  down 
the  Triassic  rocks  against  Carboniferous  Limestone  (see  p.  283). 
In  Cumberland,  in  the  district  adjacent  to  the  coast,  where  the 
geological  structure  is  closely  related  to  that  of  the  northern 
part  of  the  Isle  of  Man,  there  are,  besides  the  Pre-Carboniferous 
mult-systems  about  which  little  is  known,  at  least  two 
later  systems,  one  Pre-  and  the  other  Post-  Triassic,  the  older 
set,  striking  N.E.  to  S.W.,  affecting  only  the  Carboniferous  rocks, 
and  the  newer  set,  striking  N.WT  to  S.E.,  dislocating  the  Trias 
and  Permian  along  with  the  Carboniferous.  ^  It  is  very  probable 
that  the  same  conditions  extend  to  the  Island,  where,  however, 
as  the  Triassic  rocks  are  concealed  by  drift  we  are  unable  to 
establish  the  point 

The  high  angle  at  which  the  Manx  Slates  are  usually  inclined 
would  allow  considerable  vertical  displacem  ent  of  the  opposite 
sides  of  a  fracture  without  much  apparent  effect  on  the  out- 
crop; and  it  is  possible  that  the  contraction  and  expansion 
exhibited  by  rock-belts  in  some  parts  of  the  massif,  as  shown 
on  the  map,  may  be  due  to  systems  of  faul  ting  transverse  to 
the  folds.  At  the  same  time,  the  general  persistence  of  these 
belts  seems  to  imply  that  no  individual  fault  can  be  very  great. 
Excepting  in  the  case  of  the  Niarbyl  overthrust  (p.  148),  the 
boundaries  of  the  different  divisions  of  the  Series ,  where  exposed 
in  the  cliffs,  do  not  definitely  indicate  faulting ;  and  the  changes 
of  rock-character  which  are  sometimes  visible  on  the  opposite 
sides  of  fractures  are  usually  such  as  to  imply  that  the  beds 
brought  into  contact  were  originally  not  very  far  apart. 

*  Many  of  these  fractures  of  unknown  value  hav  e  been  recorded  on  the 
MS.  clean  copies  of  the  six-inch  sheets  which  have  been  deposited  in  the 
London  office  of  the  Survey. 

*  These  two  systems  are  brought  out  clearly  by  the  mapping  (see  one-inch 
map,  Sheet  101  S.W.) 
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It  appears  probable  that  the  master-faults  of  the  Island  are 
those  on  the  edges  of  the  old  massif,  and  that,  mdeed,  their 
occurrence  has  determined  its  position.  Thus  the  downthrowing 
of  the  Carboniferous  Limestones  on  the  south-eastern  flank  of  the 
Island ;  of  the  Peel  Sandstone  on  the  west ;  and  probably  of  the 
Permo-Triassic  and  Carboniferous  rocks  on  the  north  has  defined 
the  extent  of  the  higher  central  mass  of  the  Slates.  Even  these 
displacements  need  not  be  of  more  than  moderate  magnitude ; 
that  which  bounds  the  Carboniferous  basin  of  the  south  is  not 
large,  in  spite  of  its  important  eflfect  upon  the  stratigraphy 
(see  p.  196),  while  those  which  bring  in  the  Peel  Sancfetones, 
though  of  higher  value,  can  only  doubtfully  be  traced  into  the 
interior,  and  certainly  do  not  seriously  break  the  westerly  belt 
of  Barrule  Slate. 

Fig.  31. — Diagram  {plan)  to  illustrate  common  structure 
in  hard  bands,  whether  dykes  or  layers  of  grity 
in  Manx  Slates ;  showing  divergence  between  strike 
of  segments  and  stHk^  of  band  as  a  whole. 


B,  B.  Segments  of  hard  band,  pinched  at  terminations. 

F,  F.  Di.vlocation-lines  ( ?  normal  or  overthnist  faults). 

S  -  -  S.  Direction  of  strike  of  individual  segments. 

S S.  Direction  of  average  strike  of  hard  bcmd. 

The  peculiar  dislocation  and  displacement  in  short  s^pnents 
of  the  quartzite-bands  and  many  of  the  dyke-rocks,  especially 
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the  microgranites,  described  in  other  parts  of  this  work 
(pp.  137,  182  and  pp.  128, 167),  are  probably  due  to  the  develop- 
ment of  step-faulting  in  a  manner  not  yet  understood.  This 
structure  is  admirably  displayed  by  the  microgranite  dykes 
which  pass  from  the  south-western  coast  near  Flesh  wick  inland 
towards  the  Foxdale  Granite;  and  affain  by  those  of  the  north- 
eastern coast  around  Maughold  Head  which  are  connected 
with  the  Dhoon  Granite.  These  are  apparently  cut  into 
segments  and  displaced  along  more  or  less  vertical  planes 
which  have  a  general,  though  not  universal,  tendency  to  shift 
the  separated  portions,  bit  by  bit,  in  one  direction,  the  Foxdale 
dykes  being  dragged  to  the  northward  of  their  easterly  course 
and  the  Dhoon  dykes  to  the  southward  of  their  westerly 
course  ^see  map.  Fig.  29,  p  84).  Similar  peculiarities  may  be 
observed  in  the  thicker  bands  of  quartzite,  in  the  coast-sections 
between  Cass  ny  Hawin  and  St.  Anne's  Head,  as  well  as  in 
other  places. 

It  is  very  probable  that  the  same  structure  may  be  accountable 
for  that  divergence  from  the  apparent  strike  already  mentioned 
as  characteristic  of  the  general  arrangement  of  the  Manx  Slates, 
and  especially  of  their  flaggy  and  gritty  divisions.  It  seems  to 
imply  some  system  of  *  step-faulting '  by  which  the  massif  has 
been  cut  up  into  strips  which  have  been  laterally  displaced,  in 
a  definite  direction  relatively  to  each  other,  as  in  Fig.  31.  The 
subject  is  one  which  might  well  repay  further  investigation. 

TTiese  features  and  otners  in  regard  to  the  position  and  rela- 
tions of  the  larger  igneous  intrusions  seem  to  indicate  the 
presence  of  a  mmtitude  of  small  overthrust  and  normal  faults, 
which,  in  the  aggregate,  may  have  had  considerable  effect.  It 
is  more  than  probable  that  I  have  myself  failed  to  make 
sufficient  allowance  for  both  kinds  of  faulting ;  it  must  be  left 
to  the  future  worker  to  discriminate  more  closely  between  the 
relative  values  of  folding  and  faulting  in  the  production  of  the 
intricate  structure  of  the  Manx  Slates. 

PalsBontology  of  the  Manx  Slates. 

Almost  the  only  traces  of  organisms  in  the  Manx  Slate 
Series  are  the  tubular  *  worm-casts,'  which  are  fairly  abundant 
in  some  locaUties  on  the  surfaces  of  the  flaggy  beds,  especially 
where  the  rocks  consist  of  thin  alternations  of  argillaceous 
and  fine  arenaceous  material.  The  presence  of  these  markings 
in  the  slates  was  first  mentioned  by  Gumming  and  afterwards 
by  Harkness  and  Nicholson,  Binney  and  others.  Recently 
the  whole  subject  has  been  reinvestigated  by  Mr.  H.  Bolton, 
whose  descriptions  are  quoted  below.  Mr.  Bolton's  personal 
researches  have  also  brought  to  light  specimens  wnich  he 
believes  to  represent  the  cast  of  a  tnlobite  and  two  examples 
of  graptoHtes.  But  the  conditions  under  which  these  speci- 
mens occurred  seem  to  justify  some  doubt  as  to  their  character, 
especially  since  some  examples  of  markings  collected  during 
the    course  of    the    survey,  which  were   thought  to  indicate 
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organic  remains  of  the  same  kind,  have  proved  under  microscopic 
examination  to  be  of  inorganic  ori^n.  This  subject  will  l>e 
further  referred  to  after  the  descriptions  of  the  specimens  have 
been  quoted. 

In  his  recent  paper  ^  Mr.  Bolton  has  critically  discussed  the  pre- 
vious palseontological  Hterature,  and  in  the  following  passages 
he  sums  up  the  work  of  his  predecessors  and  the  resiut  of  nis 
own  researches. 

"  In  1862  Mr.  J.  [E.]  Taylor^  described  certain  supposed  imprints  in  the 
slates  of  Dalby.  These  imprints  were  said  to  resemble  the  dotted  outline 
of  the  Protichnites  figured  in  Owen's  Palasontology, 

"Mr.  Mackie,  Editor  of  the  Geologist^  thought  that  the  impressions 
looked  more  like  portions  of  gigantic  LinmUas  or  some  fibrous  shell.  Mr. 
Salter  denied  their  organic  origin  altogether,  and  Mr.  Lamplugh  informs 
me  that  the  impressions  were  probably  the  hollows  left  by  the  decay  of  the 
slightly  calcareous  nodules,  which  occur  rather  abundantly  in  some 
localities 

"  In  1863,  a  paper  was  read  by  Mr.  Taylor*  before  the  Manchester 
Geological  Society,  in  which  he  mentioned  the  discovery  by  Mr.  Thos. 
Qrindiey  of  a  f  ucoid,  and  also  avers  that  behind  the  Castle  Mona  Hotel 
he  himself  discovered  both  fucoids  and  the  tracks  and  castings  of  worms. 

*'  At  Mount  Craig  he  found  the  remnant  of  an  Orthoceras^  the  specimen 
showing  the  chambers  and  also  the  gradual  tapering  of  the  body  of 
the  shell. 

"In  the  absence  of  either  the  specimen  or  of  any  figure,  neither  of 
which  seem  to  have  been  exhibited,  very  little  reliance  can  be  placed 
upon  the  description. 

"  It  is  not  unlikely  that  it  refers  to  some  partially  weathered-out  worm- 
casting,  or  to  thin  intersecting  mineral  veins,  which  in  these  rocks  often 
simulate  chambered  organisms. 

^.  .  ■  •  •  ■  .  •  •  • 

"  Profs.  Harkness  and  Nicholson*  •  in  1866  recorded  the  finding  of 
Palceochorda  maior.  Mr.  E.  W.  Binney^  next  took  up  the  work  in 
1877,  and  published  figures  and  descriptions  of  worm-tracks  which  he 
named  Nemerites  nionensis  and  Neretites  monensis  respectively.  Worm- 
burrows  (Scolites)  were  also  mentioned,  and  certain  oval  structures 
which  he  supposed  had  some  faint  resemblance  to  Lingulce,  but  which 
Mr.  Lamplugh  thinks  may  have  been  the  croas-sections  of  worm-casts. 

"Whatever  these  latter  may  have  been,  one  was  somewhat  doubtfully 
referred  by  Binney  to  Lingvlella  davmi. 

"  In  the  succeeding  year  Binney*  figured  and  described  the  supposed 
f ucoid  found  in  the  glacial  drift  at  Laxey,  and  from  a  superficial  resemblance 
of  the  specimen  to  PsUophyton  cornutum  of  Lesquereux,  he  was  led 
to  name  it  PsilophyUm  nwnense.  In  a  later  communication,  Binney* 
states  that  Dr.  Dawson  was  of  opinion  that  the  supposed  plant  more 

*  "  Palajontology  of  the  Manx  Slates,"  Manchester  Memoirs,  voL  xliiL 
(1899),  no.  1.,  pp.  1-15,  with  a  plate. 

2  "  Supposed  Imprints  in  the  Lower  Cambrian  Beds  of  the  Isle  of  Man." 
Geologist^  vol.  v.,  1862,  p.  321. 

3  "  Cambrian  Strata  of  the  Isle  of  Man."  Trans,  JfancL  Geol.  iSbc., 
vol.  iv.,  1863,  p.  285. 

*  "  The  Lower  Silurian  Rocks  of  the  Isle  of  Man."  Quart  Joum, 
Geol,  Soc.f  vol.  xxii.,  1866. 

*  "  A  Notice  of  some  Organic  Remains  from  the  Schists  of  the  Isle  of 
Man."    Proc.  Manch.  Lit,  omd  Phil,  Soc.^  vol.  xvi.,  1878,  p.  102. 

"  "  Notice  of  a  Fossil  Plant  found  at  Laxey,  in  the  Isle  of  Man." 
Proc,  Manch,  Lit,  and  Phil,  Soc.,  vol.  xvii.,  1878,  p.  85,  and  Manch, 
Memoirty  3rd  Series,  vol.  vi.,  1879,  p.  214. 

7  **  Remarks  on  a  Fossil  Plant  found  at  Laxey,  in  the  Isle  of  Man." 
Proc,  Manch.  Lit,  and  Phil,  Soc.,  vol.  xviii.,  1879,  p.  19. 
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nearly  reocinblod  liaihotrepkU  /lai'knessi  of  Nichol»on  j  it  is  well  to 
bear  m  mind,  however,  that  Dr.  Dawson  was  guided  in  his  determination 
by  the  description  and  figure,  and  not  by  an  examination  of  the  specimen. 

•  ••••■  •••• 

'^  Prolonged  research  amongst  the  slates  by  many  recent  workers  has 
revealed  no  trace  of  true  fucoids,  and,  as  we  shall  see  later,  the  supposed 
fucoids  were,  in  all  probability,  the  casts  and  tracks  of  FalcBochf/t'da, 
In  the  absence  of  descriptions,  figures  or  specimens,  we  are  forced  to 
reject  the  supposed  fucoidal  structures  of  Taylor,  QrindJey  and  others. 

^^  Psilophyton  monenw  of  Binney  c»lls  for  more  attention.  It  was 
described  as  follows :  '  The  stem  is  thick,  dichotomous,  divisions  variable 
in  distance,  the  terminal  ones  short,  pointed^  nearly  equal  in  size  and 
length,  surface  nearly  smooth.  The  branches  m  the  lower  part  are  thick 
comparatively  to  their  length.  The  surface  of  the  stem  appears  to  be 
smooth,  and  affords  no  evidence  of  striae  or  scales.'  A  woodcut  accom- 
panies the  description,  but  is  too  coarsely  drawn  to  illustrate  anything 
except  that  there  is  no  dichotomy. 

*'  The  specimen  was  said  to  run  nearly  at  right  angles  to  the  bedding 
(?  cleavage),  and  that  it  lay  upon  the  surface  of  a  boulder  taken  from  the 
glacial  drift. 

"In  this  case,  as  with  previous  writers,  there  is  a  lack  of  positive 
evidence,  but  an  attempt  has  at  least  been  made  to  describe  the  supposed 
fucoid  intelligently.  It  is  most  unfortunate  that  the  woodcut  does  not 
increase,  but  rather  nullifies,  the  value  of  the  description. 

^Tlie  species  cannot  be  accepted  as  a  good  one,  nor  is  there  evidence  to 
show  that  the  boulder  was  derived  from  the  slates  of  the  island.  There  is 
no  certain  knowledge  of  plant  remains. 

"  Animal  remains  are  of  a  less  uncertain  character  than  the  fucoids,  but 
are  few  in  number  and  species,  and  iar  from  satisfactory. 

•  ••••••••. 

"  Worm^castinga,  tracks  and  hwrroxva. 

"  Under  this  head  must  be  placed  the  FalcBochorda  major  and  P.  minor^ 
McCoy,  once  regarded  as  fucoids. 

^^  PcdfBodLorda  ma^or  was  reco^Lsed  in  the  Manx  slates  by  Profs. 
Harkness  and  Nicholson,  and  considered  by  them  of  considerable  value  in 
correlating  the  latter  witn  the  Skiddaw  slates  of  the  Lake  district.  .  .  . 

''  Worm-castings,  tracks  and  burrows  are  fairly  common  in  many  of  the 
Manx  slates,  and  certain  grits  are  almost  composed  of  them.  Especially 
is  this  the  case  in  the  cliffs  south  of  Port[h]  Mooar. 

"  Palceochorda  minor,  McCoy. 

.''The  smallest  worm*castings  the  writer  has  seen  are  a  series  collected 
by  Mr.  Q.  W.  Lamplugh.  ...... 

**  The  castings  are  usually  in  the  form  of  long  straight  semi-cylindrical 
rods^  rarely  occurring  in  clusters,  or  showing  much  trace  of  coHing.  They 
consist  of  grains  of  sand  hardened  into  a  fine  grit 

"  To  this  species  we  would  also  refer  Mr.  Binney's  Nemerites  monentu. 
The  latter  was  stated  to  occur  in  blue  laminated  slate  at  Oakhill,  Braddan, 
and  was  found  during  the  cutting  of  the  railway  from  Douglas  to  Castle- 
town. It  was  described  as  occurring  in  the  form  of  a  simpTe  loop,  twelve 
inches  long  and  one-eighth  of  an  incfi  in  diameter.  Mr.  ^Binney's  figure 
agrees  very  closely  with  that  of  P,  minor  figured  by  McCoy. 

"  Palceochorda  major ,  McCoy. 

"Worm -castings,  larger  than  those  of  P.  fntTior,  occur  abundantlv  in 
many  of  the  slaty  grits ;  they  vary  somewhat  in  diameter,  from  three 
to  four  lines  beine  a  fair  avera^.  Not  infrequently  the  castings  lie  in 
clusters,  but  show  few  traces  of  coiling. 

"  The  fine  cleaved  slates  have  yielded  few  castings,  but  faint  shallow 
tracks  are  not  rare.  They  are  usually  very  long,  and  average  two  lines 
in  diamc^ter. 
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**  Neretites  monensis  of  Binney  was  a  worm-track  found  in  a  blue  slate. 
The  dimensions  are  not  given,  but  the  worm-track  was  described  as 
meandering  and  consisting  of  aoout  one  hundred  segments  with  traces  of 
feet  and  cirri,  and  terminating  in  an  ov^-shaped  head.. 

"  An  examination  of  Binne/s  figure  shows  that  the  segments  cross  the 
worm-casting  obliquely,  and  that  they  are  in  line  with  a  shear  structure 
developed  in  the  slate.  Indeed,  the  shearing  is  shown  bv  the  artist  to 
join  with  the  segments,  so  that  the  latter  appear  as  slight  dislocations 
of  the  casting.  The  segments  are  clearly  no  part  of  the  worm-track,  but 
have  been  induced  by  shearing,  a  fact  still  further  brought  out  in  the 
figure  by  the  dragging  out  of  one  side  of  the  casting  along  its  upper 
loop. 

'^The  'oval-shaped  head'  is  figured  as  a  depression  against  which  the 
cast  abruptly  stops.    It  looks  like,  and  probably  is,  a  worm-burrow. 

"  Chondrites  in/ormisy  McCoy. 

"Among  the  worm-casts  collected  by  Mr.  Lamplugh  in  the  course  of 
his  examination  of  the  slates  there  is  a  series  differing  from  any  hitherto 
described,  and  of  larger  size.    .    .    ; 

"  The  castings  vary  in  size  from  a  diameter  jof  three  to  seven  lines.  They 
are  composed  of  rather  coarse  grains  of  sand,  which  are  partiaUj  compacted 
toother.  The  matrix  upon  which  they  lie,  often  in  high  rehef,  is  a  slaty 
gnt  A  few  of  the  castmgs  are  solitary,  and  when  well  preserved  show 
a  gradual  reduction  in  diameter  towards  one  extremity.  More  often  they 
occur  in  clusters,  lying  parallel  to  or  overlapping  one  another.  Where 
they  overlap,  subsequent  crushing  has  obliterated,  to  some  extent,  the 
lines  of  apposition  between  contiguous  castings,  so  that  they  appear  at 
first  sight  as  branching  or  forked  structures. 

"  Their  resemblance  to  Chondrites  infomiisy  McCJoy,  is  so  very  close  that 

we  include  them  in  this  species. 

•  •  .  .  .  •  •  •• 

"Brachiopods  are  not  known  with  certainty,  for  though  the  oval 
depressions  described  as  footprints  by  Grindley  and  Taylor  were  after- 
wards doubtfully  referred  to  as  the  casts  and  trails  of  bivalves  and 
the  impressions  of  Liiupda,  neither  fibres,  specimens,  nor  facts  which 
can  be  verified,  are  available  to  justify  their  retention. 

"  The  figures  and  descriptions  of  the  supposed  LingtUella  damsit  published 
by  Binney  might  serve  equally  well  as  ngures  and  descripttions  of  nodule 
masses  still  in  situ  in  the  slates,  and  wholly  inorganic  in  origin. 

"  The  casts  and  trails  of  Grindley  and  Taylor  can  be  similarly  duplicated 
by  hollows  left  by  the  weathering  out  of  nodules,  and  by  worm-traacs." 

The  writer  of  the  present  memoir  fully  agrees  with  Mr. 
Bolton  that  the  supposed  foot-prints,  fucoids,  LingylcB,  and 
Orthoceraa  previously  aescribed  were  probably  aU  notning  more 
than  the  impressions  of  nodules  or  worm-casts,  and  the  £auna 
of  the  slates  is  therefore  reduced  to  the  three  species  of  the 
latter :  —  Palceochorda  minor,  McCoy,  PaL  tnaior,  McCoy, 
and  Chondrites  informls,  McCoy.  To  these  Mr.  Bolton  adds 
jEglina  or  Asaphiis;  Dictyoiiema  {Di^ctyograpttus)  sociale, 
Salter;  Mii{Dendrograptw8flexiiosiiH,\iix\[\  which  he  describes 
as  follows^ : — 

"In  1892  the  intaglio  cast  of  a  trilobite  was  found  by  the   writer* 


*  While  tlie  following  descriptions  are  (luoted  verbatim  from  Mr.  Bolton's 
paper,  the  order  of  the  sentences  has  l>een  slightly  changed,  and  a  few 
passages  of  which  the  sense  has  been  [jrcviously  given  are  omitted. 

2  "  On  the  Occurrence  of  a  Trilobite  in  the  Skiddaw  Slate  of  the  Isle  of 
Man."    Geol.  Atatj.^  dec.  3,  vol.  x.,  1893,  p.  29. 
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in  a  crush-conglomerate  at  Ballastowell,  near  Kamsey,  and   in  1893^  a 
few  other  fossils  {Dictyonema  and  Dendrograptwi)  were  added  from  the 

slates  of  Cronk  Sumark,  near  Sulbv  Glen  station A  diagnosis, 

already  published  in  the  Geological  Magazine  [of  the  first-mentioned  is  as 
follows : — ] 

**  jEgltna  or  Asaphus, 

IMPRESSION  OF  BODY  AND  PYGIDIUM. 

"  Thorax  of  six  rings ;  axis  convex  and  of  uniform  width ;  body  rings 
narrow  and  well  marked  off  from  one  another.  Pleurae  very  broad, 
twice  the  width  of  the  axis ;  grooves  deep,  broadening  towards  the  ex- 
tremities, and  disappearing  a  short  distance  from  the  axis ;  extremities 
directed  backwards.  Pvgiaium  a  little  more  than  half  the  length  of 
the  thorax  :  width  double  the  length  ;  axis  flattened,  convex,  and  ending 
bluntly  in  the  middle  of  the  pygidium. 

"  ObserycUtons, — From  the  presence  of  six  thoracic  rings,  grooved  pleurae, 
and^  semi-circular  smooth  pygidium  with  feeble  axis ;  uie  writer  was 
inclined  to  class  the  specimen  as  an  ^|^/tna,  but  Dr.  Henry  Woodward 
has  kindly  pointed  out  that  it  differs  from  jEalina  in  the  sides  of  the 
axis  being  parallel  along  their  whole  length,  and  in  being  convex 
whereas  in  tne  former  the  axis  diminishes  in  breadth  from  before  back- 
wardS)  and  Lb  flattened. 

^'from  a  careful  comparison  of  the  specimen  with  others  from  the 
Cambrian  of  North  Wales,  Dr.  Woodward  is  of  opinion  that  it  might  with 
equal  proprie^  be  placed  m  the  genus  A  mphus  as  jEqlina,  Unfortunately 
the  specimen  is  too  distorted  anafragmentary  to  settle  the  point"    • 

[With  regard  to  the  other  fossils],  "prolonged  search  resulted  in  the 
discovery  of  two  small  splintery  masses  of  slate,  each  bearing  Dictyonema 
and  Dendroqraptus  in  association.  The  former  genus  was  most  numerous, 
fragments  of  nearly  a  dozen  individuals  being  present ;  of  the  latter  genus 
only  two  specimens  were  clearly  distinguishable. 

"  In  the  north  quarry  [at  Cronk  Sumark],  from  which  the  specimens  were 
obtained^  the  slates  are  strongly  cleaved  and  break  up  readily  into  irregular 
shuttle-like  masses.  The  cleavage  planes  form  an  acute  &ngle  with  the 
bedding,  which  is  frequently  indicatea  by  bands  of  colour.  The  slates  are 
much  iron-stained,  and  in  close  association  with  grits  and  the  remarkable 
'  crush-conglomerate'  described  by  Mr.  Lamplugh. 

"  Dictyonema  {Dictyograptus)  sociale^  Salter. 

''Remains  of  not  less  than  eight  individuals  were  found  lying  in  close 
apposition  upon  the  surfaces  of  two  narrow  splintery  slabs  of  slate. 

"  Two  individuals  are  fairly  well  defined,  and  show  clearly  the  bifurcation 
of  the  branches.  Each  consists  of  about  six  main  branches  which  bifurcate 
twice,  and  are  arranged  parallel  to  one  another  in  the  close  radiate  order 
so  characteristic  of  ^e  species. 

**  Transverse  filaments,  or  dissepiments,  are  not  well  defined,  except  in 
the  case  of  the  tertiary  branching  where  they  are  very  oblique. 

''  On  one  slab,  the  individuals  he  without  any  order  as  if  drifted  there ;  on 
the  other,  three  individuals  lie  at  equal  distances  a])art  and  pointing  in  the 
same  direction,  and  are  at  right  angles  to  a  specimen  of  Dendrograptus 

JUXW>9UM, 

"  A  direct  comparison  of  the  Isle  of  Man  specimens  with  well-defined 
forms  of  2>.  iociaU  obtained  from  Borth,  Tremadoc,  Wales,  shows  a  close 
similarity,  extending  even  to  the  character  of  the  rock,  and  the  abundant 
presence  of  iron-staining  in  both. 

DendrograpttuJUxuo9U8y  Hall. 

"  Fragments  of  three  individuals  of  this  species  are  associated  with  those 
of  Dictyonema  tociale  already  described.    The  frond  expands  rapidly  and 

*  '*  Observations  on  the  Skiddaw  Slates  of  the  Isle  of  Man."  Brit.  Assoc, 
Rep.,  Notts,  1893. 
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miisititA  of  short  tlesuou^  Imaolied  which  bifurcate  r«giil&rly  and  at  equal 
ili!iiiiu>t-^  A->  ii)  ilit>  ty)>e.  the  dnt  I'ranobings  are  iilivced  at  an  acute 
AWiU-  Willi  c.i.h  oiluT,  till-  lust  oacs  Wiii^  t'airh-  i>arallel.    The  agreetiicnt 


j»v.-i  l^i'»vr:ii  i*  vuTjri'l.i"^,  Tiwy  are  tr.v  lully  pnrrtorreJ  to  slow  the 
h).i:\':V.iVA'.  i'v.;  ths  tvr-lir  H:"?.m::'^.  th«  iltxa-'>u*  ch.»r,n-t..T  of  the 
hwivV.^  J-...1  :!!.■■  >-'..vwi\»r:s4p'";-.ij3,'i'":«U'f.»re  11*1:0  .live.' 

I;;  SI'-:.-  .•*  Mr  K'.:o:i"*  o-::^',i':ii.':-  in  his  spvcimeos  as 
(•\';>T\-s.<tv'  v.;  ::-.-,'  :.':\-c.":-J  iii*--r;p::.'D*. '.Lv  writer,  after  having 
\v;-.  iv"";:*.<.v..  ';>  Sir  lt"'.:::".'>  ■.'■:-.:rti-jv.  *■?  eianiine  them, 
>;;'.;  t-v'.s  v.:;;.".'.  :-.i>::-i::.u  i::  i.-.-ii;:--^  :^e  'V'uclasions  based 
•.;:vv.  ;:■.,■"  ;-.;■, -.  rr-,:'.r>  ".;  .V'-iL:  :'-.:r.l-.r  ivi'Irs-:*  WlVire  tiding 
::■„■■•.•,  /.s  >::-..:  .;7sy',-,:,;i'.  j-.-^iis.  iL-.  i--rr.:soi  ■:;a£:  of  trilobiie, 
.■•  v.;v  .■':-,  :".-..-  >-.v.t--"--i:'  :;■:  :.!.T;-.:r»:le '£j-.:r«~  ia  Mr.  Bolton's 
iw.vr  '■*>  *■•.■■.■■■  :---i;v.  TT"  .^::  izipri^iri.  in  2!>icllin"  wax 
;...\.^.,:       --  .;  .^--.-..i.Ts.  .-.yT^-iT*  :"   '-?.'-:  '.•iiz.  ?:ur.-l  m  the 

.   .■  ^i'.  -^  .-.■  -,>  .^,  V-    -V  :i-.  >:".-ir-liz.  rxk*  of  Ireknd 

«■■■,-■,    :.•-.--  -.-  : — -.  t~    :'■*'■-■:  V  ri'lir^  :- Th:-:h fossils 

^  .     ■■^  -  :•:-_.?•■  ■■  .T-l  tl-:r:  :i:-i  parent 
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noted  that  this  genus  has  not  been  recorded  from  the  Skiddaw 
Slates  of  the  Lake  District,  the  lower  part  of  which  offer  a 
probable  correlation  with  the  Manx  Slates  (see  seq.,  p.  114-6).  On 
the  whole,  therefore,  it  has  been  thought  preferable  to  await 
further  evidence  before  including  either  Trilooites  or  Oraptolites 
in  the  fiEtuna  of  the  Manx  Slates. 


Petrography  of  the  Manx  Slates  and  of  the  Crush- 

Oonglomerate. 

The  following  accoimt  of  the  petrographical  characters  of 
the  Manx  Slates,  and  the  corresponding  account  of  the  igneous 
rocks  given  in  Chapter  VIII.,  p.  296,  are  mainly  based  upon  the 
work  of  Professor  W.  W.  Watts.  Before  relinquishing  his  post 
on  the  Geological  Survey  to  undertake  his  present  duties  at 
Birmingham,  rrofessor  Watts  had  made  considerable  progress 
in  the  petrographical  examination  of  the  Manx  rocks  collected 
during  the  course  of  the  survey,  and  had  also  visited  the  Island 
to  study  their  mode  of  occurrence  in  the  field,  with  the  inten- 
tion of  contributing  a  full  account  of  the  subject  to  the  present 
memoir.  Unfortunately,  owing  to  the  pressure  of  other  work, 
Professor  Watts  has  found  himself  unable  to  complete  his 
labours,  but  has  handed  over  to  me  his  notes  and  descriptions  cf 
a  large  niunber  of  sUdes,  which  have  enabled  me  to  prepare  the 
following  general  account  of  the  petrology  of  the  rocks.  Unlcj  r. 
otherwise  stated,  the  descriptions  of  slides  given  in  the  following 
pages  are  taken  nearly  verbatim  from  Professor  Watts's  notes. 

(G^eral  Petrographieal  characters  of  the  Slate  series. 

As  their  field-structures  would  lead  us  to  expect,  the  chief 
petrographical  characteristic  of  the  Manx  Slates  when  micrc  - 
scopically  examined  is  the  extreme  and  intimate  deformation 
which  they  have  generally  undergone,  giving  rise  to  structures  on 
a  minute  scale  in  the  'grain '  of  the  rock  that  are  visible  to  the 
unaided  eye  in  mass.  Among  these  are  the  flaaer  or  drag- 
structure,  and  the  strain-slip  or  ausiveichunga  cleavage,  whicn 
are  often  beautifully  exhibited  in  slides  prepared  from  the  slate- 
rocks.  In  intimate  association  with  these  structures  and  appa- 
rently due  to  the  same  cause,  there  is  usually  some  mineral 
alteration  of  the  constituents  of  the  rock,  this  being  most  marked 
in  the  finer  sediments  and  least  marked  in  the  coarser.     The 

Sredominant  feature  of  this  alteration  is  the  more  or  less  abun- 
ant  production  of  sericite  along  the  planes  of  movement,  and 
the  aevelopment  of  'strain-shadows  in  the  quartz,  or  some- 
times its  complete  granuhtization. 

Besides  these  general  effects,  there  is  in  certain  districts  a 
much  greatei*  degree  of  mineral  alteration  by  which  other  new 
minerals  make  their  appearance  in  the  slates,  sometimes  in  such 
abundance  as  completely  to  alter  the  original  character  of  the  rock, 
transforming  it  into  a  true  mica-schist,  occasionally  garnetiferous. 
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This  more  severe  metamorphism  is  of  the  type  which  petro- 
logists  usually  regard  as  denoting  thermal  alteration  by  igneous 
rocks  ;  but  the  field-evidence  points  to  a  very  close  relationship 
between  the  dynamic  movements  and  the  alteration  of  the  rock ; 
and,  moreover,  where  local  metamorphic  eflfects  of  igneous  intru- 
sions are  exposed  to  examination  they  appear  to  be  inde- 
pendent of  and  separable  from  the  wider  regional  eflfects. 

This  question  as  to  the  relative  values  of  contact-alteration 
and  of  dynamo-metamorphism  in  the  Manx  Slates  was  one  to 
which  much  attention  was  devoted  during  our  survey,  and  a 
large  quantity  of  material  was  collected  for  petrographical  inves- 
tigation, so  that  we  hope  eventually  to  be  able  further  to  elucidate 
the  matter.  Meanwhile  a  general  outline  of  the  problem  with  a 
few  illustrative  descriptions  will  be  given  in  subsequent  pagea 

The  usual  petrographical  character  of  the  sedimentary  rocks 
of  the  series  may  be  gathered  from  the  following  descriptions  of 
sUdes  at  the  Geological  Survey  Office.  The  prefixed  ntunerals 
are  in  all  cases  the  reference-numbers  attached  to  the  slide  in 
this  collection. 

Flags  and  Banded  Slates. 

The  first  slide  is  from  a  fresh  unweathered  specimen  of  the  Lonao  Flags 
obtained  in  the  Laxey  Mina 

[E.  2521.]  Lonan  Flags :  From  the  255  fathoms  level  of  Dumbells  Shaft, 
Laxey  Mine. 

Macro.  Gritty  phyllite,  contorted  and  with  strain-slip. 

Micro,  A  finely-banded,  slightly  grittv  slate,  the  clastic  structure 
almost  solelv  visible  in  the  coarser  bands,  the  finer  being  con- 
cealed in  calc-mica-schist.  or  a  phyllite  almost  solely  made  np 
of  contorted  sericite  witn  little  lenticles  of  quartz  (origin^ 
grains)  and  calcite.  In  these  lajrers  strain-slip  occurs  and  is 
beautifulljr  brought  out  by  polarized  light,  when  the  sheeny 
structure  is  visible.  The  coarser  rock  consists  of  granules  of 
quartz  amongst  mica  flakes  and  small  granules  of  calcite. 

A  few  slides  were  cut  from  specimens  of  the  slightly  calcareous  nodules 
of  the  Lonan  Flags,  in  the  hope  that  they  might  reveal  traces  of  organisms, 
but  none  were  found.  The  two  following  slides  represent  the  average 
character  of  the  nodules. 

[£.  2811  and  £.  2810.]  Nodules  in  Lonan  Flags,  Douglas  Head. 

[E.  2811.]  Micro,  A  very  fine  angular  quartz-grit  with  a  calcareous  cement ; 
a  little  detrital  mica  is  present  and  a  good  deal  of  fine  secon- 
dary sericite  :  decomposed  felspar  grains  seem  about  €ls 
abundant  as  tnose  of  quartz. 

[E.  2810.]  Micro.  Decidedly  coarser  than  above,  with  a  lar^r  proportion 
of  calcite  matnx  ;  tourmaline,  epiaote,  felspar  m  subundance, 
chlorite,  slate  fragments  and  quartz-granulite  fragments. 

An  interesting  point  in  connection  with  these  nodules  is  that  they  some- 
times appear  to  snow  *  selective'  metamorphism,  being  altered  to  a  greater 
extent  than  their  gritty  matrix,  probably  on  account  of  the  original  differ- 
ence of  composition.  This  was  especially  noticed  in  a  nodule  from  the 
flags  at  Gob  ny  Oxv^  Port  Comah,  the  slide  [E.  2510]  showing  a  develop- 

^  Place  names  in  itdics  are  those  not  given  on  the  one-inch  map. 


Petrographical  Charactebs.  97 

ment  of  garnet  with  epidote,  sphenc  and  zoisite.    The  matter  will,  how- 
ever, require  further  investigation. 

The  next  slide  is  from  a  hard  band  in  the  crushed  slate  bordering  the 
crush-conglonaerate  of  Sulby  Glen.  It  is  a  good  example  of  modification  by 
movement,  with  comparatively  unimportant  mineral  alteration. 

[E.  2422.]  Hard  slate  :  ThM-e-  Will  glen,  200  to  300  yards  above  hotel. 

Mi4^ro.  Very  much  crushed  phyllite ;  all  the  particles  of 
lenticular  shape,  with  good  strain-slip  and  shearing-structure 
and  free  development  of  satiny  sericite.  The  coarser  jwrtion 
is  not  traceable  as  a  band,  but  is  a  good  example  of  phacoidal 
structure.  The  twisting  of  the  lenticles  is  along  the  foliation, 
the  contortion  of  which  produces  the  strain-slip,  so  that 
except  the  discontinuity  of  the  coarse  ix)rtion  tiiere  is  no 
other  evidence  of  more  than  one  movement,  which  must  have 
been  an  intense  one. 


Fine  and  Coarse  Grits. 

Of  the  four  following  slides,  given  as  examples  of  the  finer  grits,  the  first 
[1812]  is  from  an  un weathered  thin  sandy  band  in  the  slates  of  Langness 
(probably  Lonan  Flags,  see  p.  178),  obtained  from  a  mining  shaft;  the 
second  [2514]  is  from  a  much  thicker  band  at  the  margin  of  the  Agneash 
Grita,  obtained  from  a  deep  mine  in  the  Comah  valley ;  the  third  [2814]  is 
from  an  isolated  gritty  band  in  the  slates  of  the  midale  of  the  Island  ;  and 
the  fourth  [23871  from  the  thick  band  of  Magher-e-breck,  in  the  w.e.  of  the 
Island,  described  at  p.  140,  which  is  included  with  the  Agneash  Grits. 

[E.  1812.]   Grit  from  mining  shaft  at  Langness  Point. 

Micro.  A  medium  quartz-felspar  grit  with  some  slate  fragments  ; 
somewhat  crushed,  but  without  much  new  mineral  develop- 
ment ;  grains  fitting  together  and  not  much  ground-mass  except 
calcite. 

[E.  2514.]  Grit,  3  ft  band  ;  from  bottom  of  shaft,  174  fathoms.  North  Laxey 
Mine. 

Micro.  A  fine,  even,  angular,  ciuartzose  grit  with  a  cement  of 
carbonate  of  lime  (ophitic). 

[E.  2814.]    Slaty  grit :  Greeba  Mtn.,  100  yards  s.e.  of  slate-trial. 

Micro.  A  very  interesting  slide  of  a  much  crushed  quartz-grit,  in 
which  the  fragments  have  a  marked  linear  arrangement  j  at 
right  angles  to  this  is  a  slightly  irregular  strain-slip  which, 
crossing  the  other  structure,  makes  the  fragments  phacoidal, 
and  they  tail  off  into  fibrous  white  or  pale  brown  mica ;  there 
is  a  cood  deal  of  sericite  and  some  chlorite  between  the  grains 
which  are  very  close-i)acked,  giving  a  sort  of  quincuucial 
pattern  to  the  slide  ;  very  few  rock-fragments. 

( E.  2387.]    Pale  grit ;  quarry  250  yards  N.  of  Magher-e-breck,  Maughold. 

Micro.  An  ordinary  uuartzose  pit  with  angular  grains  very 
close-packed  and  little  matrix  m  which  chlorite  and  sericite 
are  developed.  There  is  no  visible  evidence  of  secondary 
quartz-growth  as  in  the  quartzites.  It  has  been  somewhat 
crushed.  Quartz  when  smaller  than  *03  inch,  not  rounded  ; 
many  grains  very  "dirty";  one  grain  of  zircon;  sometimes 
several  adjacent  grains  behave  as  an  o[)tical  unit. 

The  following  is  the  description  of  the  curious  bDss  or  lenticle  of  quartz- 
rock  in  the  west  of  the  Island,  south  of  Kirkmichael,  described  on  p.  137. 
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[E.  2102.]    Quartzite  :  crag,  west  side  of  road  120  yards  n.n.e.  of  branch  to 
SkerUtel  Beg,  Michael. 

Micro,  Almost  the  whole  of  the  fragments  of  this  are  r^uartz,  but 
there  are  a  very  few  of  felsjmr ;  not  much  alteration  of  the 
ground-mass :  some  of  the  grains  well  rounded,  and  ground- 
mass  not  in  great  plenty  ;  a  little  detrital  mica,  both  brown 
and  white. 

The  next  two  slides,  one  from  the  southern  coast  and  the  other  from  the 
^western  interior,  afford  good  examples  of  the  effects  of  shearing  upon  grit- 
bands  associated  with  slaty  rocks. 

[E.  1984.]  Sheared  quartzo-felspathic  grit ;  outer  Cr<mna4j  RocA\  Bay  ny 
Carricky. 

Micro,  Quartzose  grit  with  some  felspar,  but  no  rock-fraginent<i ; 
crushed  ground-mass  crypto-crystailine  with  sericite. 

|E.  1969.]  Sheared  bluish-grey  grit ;  Glen  D/ioo  in  Glen  Rushen. 

Micro,  A  ([uartzose  grit  with  angular  fragments,  much  crushed, 
and  with  micro-flaser  structure ;  the  grains  all  "  tailing  "  oflf 
into  the  matrix,  with  sheaves  of  mica ;  the  ground-mass 
intensely  crushed,  with  banded  structure  m  which  layers  rich 
in  granulitic  quartz,  sometimes  becoming  fairly  coarse, 
alternate  with  layers  rich  in  sericite,  which  is  very  freely 
developed. 

We  have  next  to  deaj  with  the  group  of  coarse-grained  or  pebbly  ^ts. 
These  besides  exhibiting  many  instructive  crush-phenomena,  are  especially 
interesting  in  sometimes  containing  small  fragments  of  andesite,  referred 
to  on  p.  49,  along  with  other  rock-detritus  derived  from  land  which  was 
undergoing  erosion  during  the  deposition  of  the  grits,  thereby  furnishing 
our  only  information  respecting  that  land.  The  first  three  are  from  the 
south-eastern  coast ;  the  fourth  [1967]  from  the  west  coast ;  the  fifth  [2131] 
from  the  western  slope  north  of  Kirkmichael ;  and  the  sixth  [242.')]  from  the 
northern  i)art  of  the  massif. 

[E.  2812.]  Pebbly  grit :  St.  Ann's  (Santon)  Head. 

Micro.  A  coarse  grit,  mainly  ([uartzose,  but  with  fragments  of 
fine  grit  and  slate  in  it.  The  quartz  is  very  much  shattered, 
having  undulose  extinction,  brecciated,  with  the  unseparated 
portions  divided  bv  very  fine  quartz  completely  granulitized, 
and  sometimes  with  a  structure  resembling  a  rude  microcline 
twinning  developed  in  it. 

[E.  2813.]  Sheared  grit :  west  side  of  Keristal  near  Port  Soderick. 

Micro.  A  finer  quartz-grit,  not  so  much  crushed  as  usual ;  several 
rock- fragments  occur,  and,  amongst  them,  several  slivers  of  slate 
and  one  or  two  large  angular  fragments  of  it  which  are  squeezed 
out  at  their  ends  into  fine  shreds.  They  appear  strangers  to 
the  rest  of  the  rock  and  may  have  been  intolds,  though  there 
is  notliing  visible  to  prove  this.  I  think  it  rather  more  likely 
they  may  have  been  clay-galls,  torn  up  by  subsequent  rock- 
movement. 

[E.  1959]  Coarse  dark  bluish-grey  grit :  north  side  of  Cass-ny-Hawin  Head. 

Micro,  A  coarse  grit  in  which  nuartz  is  predominant,  all  the 
grains  being  markedly  angular ;  some  of  them  having 
certainly  been  derived  from  the  porphyritic  quartz  of  a  quartz- 
porphyry.  They  have  suffered  much  from  movement  since 
they  were  embedded  in  the  grit,  and  they  show  first  undulose 
extmction,  then  partial,  and  finally  complete  ^ranulitization. 
Detrital  grains  of  felspar  mainly  converted  into  a  micro- 
aggregate,  iron-ores  and  muscovite  are  common  ;  besides  these, 
there  are  large  and  small  grains  of  slate,  granulite,  and  at  least 
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one  fra^ent,  and  probably  more,  of  a  fine-grained  (non- 
porphyritic)  felspathic  andesite.  The  ground-mass  is  fine- 
framed  and  detrital,  and  has  sericite  abundantly  developed 
m  it. 

[E.  1967.]  Dark  bluish-grey  grit  showing  linear  stretching:  beach  under 

Glion  ny  Goayr  ;  s.  of  Niarbyl  Bay. 

Mwro.  This  grit  contains  a  much  larger  proportion  of  rock- 
fragments  and  a  smaller  one  of  quartz  than  tne  others  examined. 
The  latter  are  in  most  cases  strained,  crushed,  granulitized, 
and  broken,  and  the  whole  rock  has  evidently  suffered  much 
from  crushing.  Slivers  of  very  fine  dark  slate  are  conspicuous. 
They  are  intensely  contorted  and  dragged  into  the  finest 
interspaces  in  the  grit.  .  The  rock  api>ears  to  be  a  variation  of 
the  crush-conglomerate  in  which  there  was  not  enough  shaly 
matter  to  form  a  flowing  matrix,  but  a  preponderance  of  hard 
material  to  make  a  ci^im-cn'it. 

[E.  2131.]  Crushed  coarse  ashy-looking  ffrit :  small  quarry  200  yards  e.n.e. 

of  Creggan  Mooar,  Knocksnarry. 

Micro.  A  viuchcriished  quartzose  grit,  a  few  of  the  grains  being 
rounded ;  rock-fragments  not  so  common  as  in  [E.  1967]. 
Slivers  of  slate,  contorted,  and  at  least  two  undoubted  frag- 
ments of  amlesiU,  Sericite  is  the  most  abundant  matrix- 
mineral.  Apparently  originally  a  grit,  which  is  approaching 
the  crush-conglomerate  condition. 

[E.  2425.]  Coarse  quartzose  grit :  Braid  Foss,  Glen  Auldyn,  e.  of  b.m.  5409, 

Micro,  This  appears  to  be  an  advanced  condition  of  the  state  of 
things  existmg  in  [1967.]  The  crushing  has  been  carried  so 
far  tnat  the  boundary  between  grains  and  groundmass  is  not 
a  very  definite  line  when  seen  under  non -polarized  light,  while 
with  polarized  light  the  edges  of  the  grains  are  seen  to  become 
highly  granulitized  and  to  shade  off  into  the  *  matrix.  Simple 
quartz  grains,  not  more  than  '05  inch  in  diameter;  larger 
grains  are  granulitic  aggregates  up  to  0*1  inch  diameter. 


Slates. 

The  two  following  slides  were  cut  to  investigate  the  supposed  organic 
(ffraptolite)  structures  referred  to  on  p.  94  ;  besides  showing  the  inorganic 
character  of  the  structure  in  both  cases,  they  will  serve  to  illustrate  the 
general  characters  of  the  less  altered  slate-rocks  of  the  series.  The 
localities  are  on  the  northern  margin  of  the  massif,  respectively  west  and 
eaflt  of  the  mouth  of  Sulby  Glen. 

[E.  2846.]  Slate,  with  supposed  Graptolite  (see  p.  94).     Crag  on  summit 
of  Gob  y  Volley. 

Micro.  This  is  a  cleaved  rock  with  perfect  lineated  structure, 
every  fragment  being  elongated  with  the  cleavage  and  some- 
what phacoidal  in  shape,  w  hile  it  is  sheeny  throughout  with  a 
mat  of  sericite.  Tlnn  contorted  layers  with  rather  larger 
micas  wander  across  the  slide,  pinchel  off  in  places  and 
making  a  low  oblique  angle  with  tne  cleavage.  The  supposed 
fossil  is  a  quartz- vein,  on  one  side  of  which  the  cleavage  is 
beautifully  frilled  and  traversed  by  a  strain-slip.  The 
"  Dictyonema  "  is  undoubte<lly  the  outcro{>  of  this  structure. 

[E.  2847.]  Slate  with  supposed  Graptolite  (see  p.  94) :  west  quarry,  Cronk 

Sumark,  Suiby. 

Micro.  The  rock  is  a  slightly  gritty  phyllite  with  all  the  minute 
particles  of  quartz,  etc.,  phacoidal  and  with  fair  strain-slip 
nmning  about  at  right  angles  to  the  general  lineat'on  as 
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organic  remains  of  the  same  kind,  have  proved  under  microscopic 
examination  to  be  of  inorganic  ori^m.  This  subject  will  oe 
further  referred  to  after  the  descriptions  of  the  specimens  have 
been  quoted. 

In  his  recent  paper  ^  Mr.  Bolton  has  critically  discussed  the  pre- 
vious palseontological  literature,  and  in  the  following  passages 
he  sums  up  the  work  of  his  predecessors  and  the  result  of 
own  researches. 

"  In  1862  Mr.  J.  [E.]  Taylor'  described  certain  supposed  imprints  in  the 
slates  of  Dalby.  These  imprints  were  said  to  resemble  the  dotted  outline 
of  the  Protichnites  figured  in  Owen's  Falasontdogy, 

"Mr.  Mackie,  Editor  of  the  Geologift^  thought  that  the  impressions 
looked  more  like  portions  of  gigantic  Lingtdoe  or  some  fibrous  shelL  Mr. 
Salter  denied  their  organic  origin  altogether,  and  Mr.  Lamplugh  informs 
me  that  the  impressions  were  probably  the  hollows  left  by  the  decay  of  the 
slightly  calcareous  nodules,  which  occur  rather  abundantly  in  some 
localities 

"In  1863,  a  paper  was  read  by  Mr.  Taylor^  before  the  Manchester 
Qeolo^ical  Society,  in  which  he  mentioned  the  discovery  by  Mr.  Thos. 
Qrindley  of  a  f ucoid,  and  also  avers  that  behind  the  Castle  Mona  Hotel 
he  himself  discovered  both  fucoids  and  the  tracks  and  castings  of  worms. 

"  At  Mount  Craig  he  found  the  remnant  of  an  Orthoceras^  the  specimen 
showing  the  chamoers  and  also  the  gradual  tapering  of  the  body  of 
the  shelL 

"In  (he  absence  of  either  the  specimen  or  of  any  figure,  neither  of 
which  seem  to  have  been  exhibited,  very  little  reliance  can  be  placed 
upon  the  description. 

"  It  is  not  unlikely  that  it  refers  to  some  partially  weathered-out  worm- 
casting,  or  to  thin  intersecting  mineral  veins,  which  in  these  rocks  often 
simulate  chambered  organisms. 

^a  •  ■  •  •  •  •  •  •  • 

"  Profs.  Harkness  and  Nicholson*  •  in  1866  recorded  the  finding  of 
PalcRochcrda  tnaior,  Mr.  E.  W.  Binney^  next  took  up  the  work  in 
1877,  and  published  figiures  and  descriptions  of  worm-tracks  which  he 
named  Nemerites  nionensis  and  Neretites  inonensis  respectively.  Worm- 
burrows  {Scolites)  were  also  mentioned,  and  certain  oval  structures 
which  he  supposed  had  some  faint  resemblance  to  LingulcB,  but  which 
Mr.  Lamplugh  thinks  may  have  been  the  cross-sections  of  worm-casts. 

"Whatever  these  latter  may  have  been,  one  was  somewhat  doubtfully 
referred  by  Binney  to  Lingulella  davUii. 

"  In  the  succeeding  year  Binney*  figured  and  describe^  the  supDosed 
fucoid  found  in  the  glacial  drift  at  Laxey,  and  from  a  superficial  resemDiance 
of  the  specimen  to  PsUophyton  cornutum  of  Lesquereux,  he  was  led 
to  name  it  PsUophyton  monense.  In  a  later  communication,  Binney' 
states  that  Dr.  Dawson  was  of  opinion  that  the  supposed  plant  more 

*  "Palaeontology  of  the  Manx  Slates,"  Manchester  Memoirs,  vol.  xliiL 
(1899),  no.  1.,  pp.  1-15,  with  a  plate. 

2  "  Supposed  Imprints  in  the  Lower  Cambrian  Beds  of  the  Isle  of  Man." 
Geolooist,  vol.  v.,  1862,  p.  321. 

3  "  Cambrian  Strata  of  the  Isle  of  Man."  Trans,  Manch.  Oeol.  SoCy 
vol.  iv.,  1863,  p.  285. 

*  "  The  Lower  Silurian  Kocks  of  the  Isle  of  Man."  Quart  Joum. 
Geol.  Soc.f  vol.  xxii.,  1866. 

*  "  A  Notice  of  some  Organic  Remains  from  the  Schists  of  the  Isle  of 
Man."    Proc.  Manch.  Lit  and  Phil,  Soc^  vol.  xvi.,  1878,  p.  102. 

*  "  Notice  of  a  Fossil  Plant  found  at  Laxey,  in  the  Isle  of  Man." 
Proc,  Manch,  Lit  and  Phil,  Soc,  vol.  xvii.,  1878,  p.  85,  and  Maneh. 
Memoirs,  3rd  Series,  vol.  yi.,  1879,  p.  214. 

7 "  Remarks  on  a  Fossil  Plant  found  at  Laxey,  in  the  Isle  of  Man." 
Proc.  Manch.  Lit.  and  Phil.  Soc.,  vol.  xviii.,  1879,  p.  19. 
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nearly  resembled  Uut/iotrtp/iU  /turknessi  of  Nicholson  j  it  is  well  to 
bear  m  mind,  however,  that  Dr.  Dawson  was  guided  in  his  determination 
by  the  description  and  figure,  and  not  by  an  examination  of  the  specimen. 

"Prolonged  research  amongst  the  slates  by  many  recent  workers  has 
revealed  no  trace  of  true  fucoids,  and,  as  we  shall  see  later,  the  supposed 
fucoids  were,  in  all  probability,  the  casts  and  tracks  of  Falceoc/u/t'da. 
In  the  absence  of  descriptions,  figures  or  specimens,  we  are  forced  to 
reject  the  supposed  fucoidal  structures  of  Taylor,  Grindley  and  others. 

^  PsUophyton  monense  of  Binney  calls  for  more  attention.  It  was 
describea  as  follows :  /  The  stem  is  thick,  dichotomous,  divisions  variable 
in  distance,  the  terminal  ones  short,  pointed^  nearly  equal  in  size  and 
length,  surface  nearly  smooth.  The  branches  m  the  lower  part  are  thick 
comparatively  to  their  length.  The  surface  of  the  stem  appears  to  be 
smooth,  and  affords  no  evidence  of  stride  or  scales.'  A  woodcut  accom- 
panies the  description,  but  is  too  coarsely  drawn  to  illustrate  anything 
except  that  there  is  no  dichotomy. 

"  The  specimen  was  said  to  run  nearly  at  right  angles  to  the  bedding 
(t  cleavage),  and  that  it  lay  upon  the  surface  of  a  bomder  taken  from  the 
glacial  dr^t. 

"In  this  case,  as  with  previous  writers,  there  is  a  lack  of  positive 
evidence,  but  an  attenipt  has  al  least  been  made  to  describe  the  supposed 
f ucoid  intelligently.  It  is  most  unfortunate  that  the  woodcut  does  not 
increase,  but  rather  nullifies,  the  value  of  the  description. 

^  Tlie  species  cannot  be  accepted  as  a  good  one,  nor  is  there  evidence  to 
show  that  the  boulder  was  denved  from  the  slates  of  the  island.  There  is 
no  certain  knowledge  of  plant  remains. 

"  Animal  remains  are  of  a  less  uncertain  character  than  the  fucoids,  but 
are  few  in  number  and  species,  and  lar  from  satisfactory. 

•  ••••••••• 

"  Wovm^castiTigSf  tracks  and  burroivs. 

'*  Under  this  head  must  be  placed  the  Falceochorda  major  and  P,  minor, 
McCoy,  once  regarded  as  fucoids. 

^^  PalcBochorda  moAor  was  reco^ised  in  the  Manx  slates  by  Profs, 
Harkness  and  Nicholson,  and  considered  by  them  of  considerable  value  in 
correlating  the  latter  witn  the  Skiddaw  slates  of  the  Lake  district.  .  .  . 

*'  Werm-castines,  tracks  and  burrows  are  fairly  common  in  many  of  the 
Manx  slates,  and  certain  grits  are  almost  composed  of  them.  Especially 
is  this  the  case  in  the  cliffs  south  of  Port[h]  Mooar. 

"  PalcBochorda  minor,  McCoy. 

"The  smallest  worm -castings  the  writer  has  seen  are  a  series  collected 
by  Mr.  G.  W.  lAmplugh.  ..... 

"  The  castings  are  usually  in  the  form  of  long  straight  semi-cylindrical 
rods^  rarely  occurring  in  clusters,  or  showing  much  trace  of  coiling.  They 
consist  of  grains  of  sand  hardened  into  a  fine  grit 

"  To  this  species  we  would  also  refer  Mr.  Binney's  Nem^rites  monensts. 
The  latter  was  stated  to  occur  in  blue  laminated  slate  at  Oakhill,  Braddan, 
and  was  found  during  the  cutting  of  the  railway  from  Douglas  to  Castle- 
town. It  was  described  as  occurring  in  the  form  of  a  simple  loop,  twelve 
inches  long  and  one -eighth  of  an  incli  in  diameter.  Mr.JBinney's  figure 
agrees  very  closely  with  that  of  P.  minor  figured  by  McCoy. 

"  Falceochorda  major,  McCoy. 

"  Worm -castings,  larger  than  those  of  P.  minor,  occur  abundantlv  in 
many  of  the  slaty  grits  ;  they  vary  somewhat  in  diameter,  from  three 
to  four  lines  bein^  a  fair  average.  Not  infrequently  the  castings  lie  in 
clusters,  but  show  few  traces  of  coiling. 

"  The  fine  cleaved  slates  have  yielded  few  castings,  but  faint  shallow 
tracks  are  not  rare.  They  are  usually  very  long,  and  average  two  lines 
in  diameter. 
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"  Neretites  monensis  of  Binney  was  a  worm-track  found  in  a  blue  alatd. 
The  dimensions  are  not  given,  but  the  worm-track  was  described  as 
meandering  and  consisting  of  aoout  one  hundred  segments  ¥dth  tfaces  of 
feet  and  cirri,  and  terminating  in  an  oval-shaped  head. 

"  An  examination  of  Binney's  figure  shows  that  the  segments  cross  the 
worm-casting  obliquely,  and  that  they  are  in  line  with  a  shear  structure 
developed  in  the  slate.  Indeed,  the  shearing  is  shown  bv  the  artist  to 
join  with  the  secants,  so  that  the  latter  appear  as  slight  dislocations 
of  the  casting.  The  segments  are  clearly  no  part  of  the  worm-track,  but 
have  been  induced  by  shearing,  a  fact  still  further  brought  out  in  the 
figure  by  the  dragging  out  of  one  side  of  the  casting  along  its  upper 
loop. 

*^The  *  oval-shaped  head'  is  figured  as  a  depression  against  which  the 
cast  abruptly  stops.    It  looks  like,  and  probaoly  is,  a  worm-burrow. 

"  Chondritei  in/ormiSj  McCoy. 

"Among  the  worm-casts  collected  by  Mr.  Lamplugh  in  the  course  of 
his  examination  of  the  slates  there  is  a  series  dififering  from  any  hitherto 
described,  and  of  larger  size.    .    .    ; 

"  The  castings  vary  in  size  from  a  diameter  x>f  three  to  seven  lines.  They 
are  composed  of  rather  coarse  grains  of  sand,  which  are  partiall^jr  compacted 
toother.  The  matrix  upon  which  they  lie,  often  in  high  relief,  is  a  slaty 
gnt.  A  few  of  the  castings  are  solitary,  and  when  weU  preserved  show 
a  giudual  reduction  in  diameter  towards  one  extremity.  More  often  ih^ 
occur  in  clusters,  lying  parallel  to  or  overlapping  one  another.  Where 
they  overlap,  subsequent  crushing  has  obliterated,  to  some  extent,  the 
lines  of  apposition  between  contiguous  castings,  so  that  they  appear  at 
first  sight  as  branching  or  forked  structures. 

"  Their  resemblance  to  Chondrites  informis,  McCoy,  is  so  very  cloee  that 
we  include  them  in  this  species. 

"Brachiopods  are  not  known  with  certainty,  for  though  the  oval 
depressions  described  as  footprints  by  Grindley  and  Taylor  were  after- 
wards doubtfully  referred  to  as  the  casts  and  trails  of  bivalves  and 
the  impressions  of  LirupUaj  neither  figures,  specimens,  nor  facts  which 
can  be  verified,  are  available  to  justify  dfiieir  retention. 

"  The  figures  and  descriptions  of  the  supposed  Linguldla  davitit  published 
by  Binney  might  serve  equally  well  as  figures  and  descrii)tions  of  nodule 
masses  still  in  situ  in  the  slates,  and  wholly  inorganic  in  origin. 

"  The  casts  and  trails  of  Grindley  and  Taylor  can  be  similarly  duplicated 
by  hollows  left  by  the  weathering  out  of  nodules,  and  by  worm-tracks." 

The  writer  of  the  present  memoir  fully  agrees  with  Mr. 
Bolton  that  the  supposed  foot-prints,  fiicoids,  LinaulcB,  and 
Orthoceras  previously  described  were  probably  all  nothing  more 
than  the  impressions  of  nodules  or  worm-casts,  and  the  fiEtima 
of  the  slates  is  therefore  reduced  to  the  three  species  of  the 
latter :  —  Pakeochorda  viinor,  McCoy,  Pal.  major,  McCoy, 
and  Chondrites  inforinis,  McCoy.  To  these  Mr.  Bolton  adds 
jEglinn  or  Asaplnis;  Dictyoiwma  (Dictyograptus)  sociale, 
Salter;  and  JJemlrograptu^ flexito.^itSy  IIM;  which  he  describes 
as  follows^ : — 

"In  1892  the  intaglio  cast  of  a  trilobite  was  found  by  the   writer* 


*  While  the  following  descriptions  are  quoted  verbatim  from  Mr.  Bolton's 
I)ai>cr,  the  order  of  the  sentences  has  been  slightly  changed,  and  a  few 
pa.Hsages  of  which  the  sense  has  been  previously  given  are  omitted. 

*  "On  the  Occurrence  of  a  Trilobite  in  the  Skiddaw  Slate  of  the  Isle  of 
Man."    Geol.  Mwj.y  dec.  3,  vol.  x.,  1893,  p.  29. 
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in  a  crush-conglomerate  at  Ballastowell,  near  Kamsey,  and  in  1893^  a 
few  other  fossils  {Dictyonema  and  Dendrograptus)  were  added  from  the 

slates  of  Cronk  Sumark,  near  Sulby  Glen  station A  diagnosis, 

already  published  in  the  Geohgtcal  Magazine  [of  the  first-mentioned  is  as 
foUows :— ] 

**  jEglina  or  Asaphus. 

IMPBESSION  OF  BODY  AND  PYGIDIUM. 

"  Thorax  of  six  rings  ;  axis  convex  and  of  uniform  width ;  body  rings 
narrow  and  well  marked  off  from  one  another.  Pleurae  very  broad, 
twice  the  width  of  the  axis ;  grooves  deep,  broadening  towards  the  ex- 
tremities, and  disappearing  a  snort  distance  from  the  axis  ;  extremities 


**  Observations. — From  the  presence  of  six  thoracic  rings,  grooved  pleurae, 
and  semi-circular  smooth  pygidium  with  feeble  axis;  die  writer  was 
inclined  to  class  the  specimen  as  an  jEglinafbut  Dr.  Henry  Woodward 
Has  kindly  pointed  out  that  it  differs  from  jEqlina  in  the  sides  of  the 
axis  being  parallel  along  their  whole  length,  and  in  being  convex 
whereas  in  the  former  the  axis  diminishes  in  breadth  from  before  back- 
wards, and  b  flattened. 

''from  a  careful  comparison  of  the  specimen  with  others  from  the 
Cambrian  of  North  Wales,  Dr.  Woodward  is  of  opinion  that  it  might  with 
equal  propriel^  be  placed  m  the  genus  A  saphus  as  jEqlina,  Unf  ortimately 
the  specimen  is  too  distorted  and  fragmentary  to  settle  the  point"    • 

[With  regard  to  the  other  fossils],  "prolonged  search  resulted  in  the 
discovery  of  two  sniall  splintery  masses  of  slate,  each  bearing  Dictyonema 
and  Dendrograptus  in  association.  The  former  genus  was  most  numerous, 
fragments  of  nearly  a  dozen  individuals  being  present ;  of  the  latter  genus 
only  two  specimens  were  clearly  distinguishable. 

"  In  the  north  quarry  [at  Cronk  Sumark],  from  which  the  specimens  were 
obtained^  the  slates  are  strongly  cleaved  and  break  up  readily  into  irregular 
shuttle-like  masses.  The  cleavage  planes  form  an  acute  angle  with  the 
bedding,  which  is  frequently  indicated  by  bands  of  colour.  The  slates  are 
much  iron-stained,  and  in  close  association  with  grits  and  the  remarkable 
*  crush-conglomerate'  described  by  Mr.  Lamplugh. 

•*  Dictyonema  (DictyograpttLs)  sociale^  Salter. 

"  Remains  of  not  less  than  eight  individuals  were  found  lying  in  close 
apposition  upon  the  surfaces  of  two  narrow  splintery  slabs  of  slate. 

*  Two  individuals  are  fairly  well  defined,  and  show  clearly  the  bifurcation 
of  the  branches.  Each  consists  of  about  six  main  branches  which  bifurcate 
twice,  and  are  arranged  parallel  to  one  another  in  the  close  radiate  order 
so  characteristic  of  the  species. 

^  Transverse  filaments,  or  dissepiments,  are  not  well  defined,  except  in 
the  case  of  the  tertiary  branching  where  they  are  very  oblique. 

"  On  one  slab,  the  individuals  lie  without  any  order  as  if  drifted  there ;  on 
the  other,  three  individuals  lie  at  equal  distances  apart  and  pointing  in  the 
same  dkection,  and  are  at  right  angles  to  a  specimen  of  Dendrograptus 
JUxuosus, 

"  A  direct  comparison  of  the  Isle  of  Man  specimens  with  well-defined 
forms  of  D.  sociate  obtained  from  Borth,  Tremadoc,  Wales,  shows  a  close 
similarity,  extendinjg  even  to  the  character  of  the  rock,  and  the  abundant 
presence  of  iron-staining  in  both. 

Dendrograptus  flexuosus^  Hall. 

"  Fragments  of  three  individuals  of  this  species  are  associated  with  thase 
of  Dictyonema  sociale  already  described.    The  frond  expands  rapidly  and 

*  "  Observations  on  the  Skiddaw  Slates  of  the  Isle  of  Man."  Brit.  Assoc. 
/2ep.,  iTofte,  1893. 
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consists  of  short  flexuous  branches  which  bif  orcate  r^golarly  and  at  equal 
distances.  As  in  the  type,  the  first  branchings  are  placed  at  an  acnte 
angle  with  each  other,  the  last  ones  being  fairly  paralfeL  The  agreement 
of  these  specimens  with  the  description  given  of  tne  species  by  Hopkinson 
and  Lapworth  is  very  close.  They  are  too  badly  preserved  to  show  the 
hydrothecae,  but  the  regular  bifurcation,  the  flexuous  character  of  the 
branches,  and  the  close  correspondence  of  size  are  distinctive." 

In  spite  of  Mr.  Bolton's  confidence  in  his  specimens  as 
expressed  in  the  forgoing  descriptions,  the  writer,  after  having 
been  permitted,  by  Mr.  Bolton's  courtesy,  to  examine  them, 
still  feels  much  hesitation  in  accepting  the  conclusions  based 
upon  them,  and  prefers  to  await  further  evidence  before  using 
them  as  stratigraphical  guides.  The  supposed  cast  of  trilobite, 
of  which  the  somewhat  too  favourable  ngure  in  Mr.  Bolton's 
paper  has  been  taken  from  an  impression  in  modelling  wax 
enlarged  four  diameters,  appears  to  have  been  found  m  the 
midst  of  highly  sheared  crush-conglomerate  (see  p.  66).  Now, 
though  instances  are  known,  e.g.,  in  the  Silurian  rocks  of  Ireland 
and  in  the  Carboniferous  rocks  of  West  Yorkshire,  in  which  fofisils 
have  survived  the  disruption  of  the  strata  containing  them,  such 
instances  have  hitherto  only  been  discovered  where  the  parent 
rock  is  highly  fossiliferous,  while  in  the  present  case  careful  search 
in  the  imoroKen  strata  which  go  to  make  up  the  '  crush-conglom- 
erate *  has  failed  to  reveal  any  trace  of  organisms  other  than  *  worm- 
casts ';  and,  on  the  other  hand,  the  surfaces  of  lenticles  of 
grit  in  the  breccia  are  often  marked  and  striated  by  shearing  and 
strain-slip  in  a  manner  sinuilating  organic  structure.  Hence  it 
seems  possible  that  the  (iiist  in  question  may  be  that  of  an 
exceptionally  striated  grit-fragment  in  the  conglomerate. 

The  doubt  as  to  the  supposed  graptolites,  though  not  so 
strong,  has  still  some  weight.  Mr.  bolton  discovered  his  two 
specimens  in  the  screes  of  a  quarry  w^hich  lies  exactly  upon  the 
margin  of  the  cnish-conglonierate  (see  p.  59),  where  the  pressures 
must  have  been  intense,  and  where,  though  traces  of  contorted 
bedding  still  persist  in  the  upper  part  of  the  quarry,  the  slate  in 
the  lower  part  of  the  section  Ws  been  reconstructecl,  and  mingled 
with  fragments  of  broken  grit-bands.  On  Mr.  Bolton's  two 
small  specimens  the  graptolite-like  markings  are  thickly  spread, 
as  if  the  fossils  were  abundant;  but  later  searches  in  the 
same  (juarry  by  Mr.  Bolton,  as  well  as  by  the  writer  and  others, 
have  failed  to  reveal  any  further  examples ;  and  markings  found 
by  the  writer  on  slate-fragments  at  this  li:)cality  and  at  Gob  y 
Volley,  a  mile  to  the  westward,  which  were  at  fii*st  thought  by 
Mr.  Bolton  to  be  graptolites,  have,  as  already  mentioned,  jproveH 
to  be  of  inorganic  origin  when  sliced  and  examined  under  the 
microscope.  Search  has  also  been  made  in  several  other 
localities  where  black  carbonaceous  or  graphitic  slate,  such  as 
often  forms  the  matrix  for  graptolites,  was  observed — e.g.,  in 
the  stream  east  of  Slieau  Monagh;  on  the  coast  at  Gob  ny 
Creggan  Glassoy ;  on  the  western  slope  of  Greeba  Mountain  ;  on 
Dalby  Mountain,  etc. ;  but  up  to  the  present  with  negative 
results.     With  regard  to  the  supposed  hietf/onema,  it  may  be 
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noted  that  this  genus  has  not  been  recorded  from  the  Skiddaw 
Slates  of  the  Lake  District,  the  lower  part  of  which  offer  a 
probable  correlation  with  the  Manx  Slates  (see  seq.,  p.  114-6).  On 
the  whole,  therefore,  it  has  been  thought  preferable  to  await 
further  evidence  before  including  either  Trilooites  or  Oraptoliteb 
in  the  fauna  of  the  Manx  Slates. 


Petrography  of  the  Manx  Slates  and  of  the  Crush- 

Oonglomerate. 

The  following  account  of  the  petrographical  characters  of 
the  Manx  Slates,  and  the  corresponding  account  of  the  igneous 
rocks  given  in  Chapter  VIII.,  p.  296,  are  mainly  based  upon  the 
work  of  Professor  W.  W.  Watts.  Before  relinquishing  his  post 
on  the  Geolc^cal  Survey  to  imdertake  his  present  duties  at 
Birmingham,  Professor  Watts  had  made  considerable  progress 
in  the  petrographical  examination  of  the  Manx  rocks  collected 
during  the  course  of  the  survey,  and  had  also  visited  the  Island 
to  study  their  mode  of  occurrence  in  the  field,  with  the  inloi}- 
tion  of  contributing  a  full  account  of  the  subject  to  the  present 
memoir.  Unfortunately,  owing  to  the  pressure  of  other  work, 
Professor  Watts  has  found  himself  imable  to  complete  his 
labours,  but  has  handed  over  to  me  his  notes  and  descriptions  ct 
a  large  number  of  slides,  which  have  enabled  me  to  prepare  the 
following  general  account  of  the  petrology  of  the  rocks.  Unlo?  r, 
otherwise  stated,  the  descriptions  of  slides  given  in  the  following 
pages  are  taken  nearly  verbatim  from  Professor  Watts's  notes. 

(General  Petrographical  characters  of  the  Slate  series. 

As  their  field-structures  would  lead  us  to  expect,  the  chic  f 
petrographical  characteristic  of  the  Manx  Slates  when  micro  - 
scopically  examined  is  the  extreme  and  mtiiiiate  deformation 
which  they  have  generally  undergone,  giving  rise  to  structures  on 
a  minute  scale  in  the  'grain'  of  the  rock  that  are  visible  to  the 
unaided  eye  in  mass.  Among  these  are  the  flaaev  or  drag- 
structure,  and  the  strain-sUp  or  aiiaweichunga  cleavage,  whicn 
are  often  beautifully  exhibited  in  slides  prepared  from  the  slate- 
rocks.  In  intimate  association  with  these  structures  and  appa- 
rently due  to  the  same  cause,  there  is  usually  some  mineral 
alteration  of  the  constituents  of  the  rock,  this  being  most  marked 
in  the  finer  sediments  and  least  marked  in  the  coarser.     The 

Sredominant  feature  of  this  alteration  is  the  more  or  less  abun- 
ant  production  of  sericite  along  the  planes  of  movement,  and 
the  development  of  'strain-shadows  in  the  quartz,  or  some- 
times its  complete  granulitization. 

Besides  these  general  effects,  there  is  in  certain  districts  a 
much  greater  degree  of  mineral  alteration  by  which  other  new 
minerals  make  their  appearance  in  the  slates,  sometimus  in  such 
abundance  as  completely  to  alter  the  original  cbaracter  of  the  rock, 
transforming  it  into  a  true  mica-schist,  occasionally  garnetiferous. 
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This  more  severe  metamorphism  is  of  the  type  which  petro- 
logists  usually  regard  as  denoting  thermal  alteration  by  igneous 
rocks  ;  but  the  field-evidence  points  to  a  very  close  relationship 
between  the  dynamic  movements  and  the  alteration  of  the  rock ; 
and,  moreover,  where  local  metamorphic  effects  of  igneous  intru- 
sions are  exposed  to  examination  they  appear  to  be  inde- 
pendent of  and  separable  from  the  wider  r^onal  effects. 

This  question  as  to  the  relative  values  of  contact-alteration 
and  of  dynamo-metamorphism  in  the  Manx  Slates  was  one  to 
which  much  attention  was  devoted  during  our  survey,  and  a 
large  quantity  of  material  was  collected  for  petrographic^  inves- 
tigation, so  that  we  hope  eventually  to  be  ablefumier  to  elucidate 
the  matter.  Meanwhile  a  general  outline  of  the  problem  with  a 
few  illustrative  descriptions  will  be  given  in  subsequent  pages. 

The  usual  petrographical  character  of  the  sedimentaiy  rocks 
of  the  series  may  be  ^thered  from  the  following  descriptions  of 
slides  at  the  Geological  Survey  Office.  The  prefixed  numerals 
are  in  all  cases  the  reference-numbers  attached  to  the  slide  in 
this  collection. 

Flags  and  Banded  Slates. 

The  first  slide  is  from  a  fresh  unweathered  specimen  of  the  Lonan  Flags 
obtained  in  the  Laxey  Mine. 

[£.  2521.]  Lonan  Flaffs :  From  the  255  fathoms  level  of  Dumbells  Shaft, 
Laxey  Mine. 

Macro,  Gritty  phyllite,  contorted  and  with  strain-slip. 

Micro,  A  finely-banded,  slightly  grittv  slate,  the  clastic  structure 
almost  solel  V  visible  in  the  coarser  bands,  the  finer  being  con- 
cealed in  calc-mica-schist.  or  a  phyllite  almost  solely  made  up 
of  contorted  sericite  witn  little  lenticles  of  quartz  (original 
ffrains^  and  calcite.  In  these  la;^ers  strain-slip  occurs  and  is 
beautifully  brought  out  by  polarized  light,  when  the  sheeny 
structure  is  visible.  The  coarser  rock  consists  of  granules  of 
quartz  amongst  mica  flakes  and  small  granules  of  addte. 

A  few  slides  were  cut  from  specimens  of  the  slightly  calcareous  nodules 
of  the  Lonan  Flags,  in  the  hope  that  they  might  reveal  traces  of  organisms, 
but  none  were  found.  The  two  following  slides  represent  the  average 
character  of  the  nodules. 

[E.  2811  and  E.  2810.]  Nodules  in  Lonan  Flags,  Douglas  Head. 

[E.  281 1.]  Micro.  A  very  fine  angular  quartz-grit  with  a  calcareous  cement ; 
a  little  detrital  mica  is  present  and  a  good  deal  of  fine  secon- 
dary sericite :  decomposed  felspar  grains  seem  about  as 
abundant  as  those  of  quartz. 

[E.  2810.]  Micro.  Decidedly  coarser  than  above,  with  a  larger  proportion 
of  calcite  matrix  ;  tourmaline,  epidote,  felspar  m  aioundance, 
chlorite,  slate  fragments  and  quartz-granulite  fragments. 

An  interesting  point  in  connection  with  these  nodules  is  that  they  some- 
times appear  to  show  ^  selective '  metamorphism,  being  altered  to  a  greater 
extent  than  their  gritty  matrix,  probably  on  account  of  the  original  differ- 
ence of  composition.  This  was  especially  noticed  in  a  nodule  from  the 
flags  at  Gob  ny  Ow,^  Port  Comah,  tne  slide  [K  2510]  showing  a  develop- 

'  Place  names  in  italics  are  those  not  given  on  the  one-inch  map. 
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ment  of  garnet  with  epidote,  sphene  and  zoisdte.    The  matter  aWII,  how- 
ever, require  further  investigation. 

The  next  slide  is  from  a  hard  band  in  the  crushed  slate  bordering  the 
crush-conglonaerate  of  Sulby  Glen.  It  is  a  good  example  of  modification  by 
movement,  with  comimratively  unimportant  mineral  alteration. 

[E.  2422.]  Hard  slate  :  Thdi-e-  Will  glen,  200  to  300  yards  above  hotel. 

Micro.  Very  much  crushed  phyllite ;  all  the  particles  of 
lenticular  shai)e,  with  good  strain-slip  and  shearing-structure 
and  free  development  of  satiny  sericite.  The  coarser  jwrtion 
is  not  traceable  as  a  band,  but  is  a  good  example  of  phacoidal 
structure.  The  twisting  of  the  len tides  is  along  the  foliation, 
the  contortion  of  which  produces  the  strain-slip,  so  that 
except  the  discontinuity  of  the  coarse  portion  tnere  is  no 
other  evidence  of  more  than  one  movement,  which  must  have 
been  an  intense  one. 


Fine  and  Coarse  Grits. 

Of  the  four  following  slides,  given  as  examples  of  the  finer  grits,  the  first 
[1812]  is  from  an  un weathered  thin  sandy  band  hi  the  slates  of  Langness 
(probably  Lonan  Flags,  see  p.  178),  obtained  from  a  mining  shaft;  the 
second  [2514]  is  from  a  much  thicker  band  at  the  margin  of  the  Agneash 
Grits,  obtained  from  a  deep  mine  in  the  Comah  valley ;  the  third  [2814]  is 
from  an  isolated  gritty  band  in  the  slates  of  the  middle  of  the  Island  ;  and 
the  fourth  [23871  from  the  thick  band  of  Magher-e-breck,  in  the  n.e.  of  the 
Island,  described  at  p.  140,  which  is  included  with  the  Agneash  Grits. 

[E.  1812.]   Grit  from  mining  shaft  at  Langness  Point. 

Micro.  A  medium  quartz-felspar  grit  with  some  slate  fragments  ; 
somewhat  crushed,  but  without  much  new  mineral  develop- 
ment ;  grains  fitting  together  and  not  much  ground-mass  except 
calcite. 

[E.  2514.]  Grit,  3  ft.  band  ;  from  bottom  of  shaft,  174  fathoms.  North  Laxey 
Mine. 

Micro.  A  fine,  even,  an^ilar,  (luartzose  grit  with  a  cement  of 
carbonate  of  lime  (opmtic). 

[E.  2814.J    Slaty  grit :  Greeba  Mtn.,  1(X)  yards  s.K.  of  slate-trial. 

Micro.  A  very  interesting  slide  of  a  much  crushed  quartz-grit,  in 
which  the  iragments  have  a  markeil  linear  arrangement ;  at 
right  angles  to  this  is  a  slightly  irregular  strain-slip  which, 
crossing  the  other  structure,  makes  the  fragments  phacoidal, 
and  they  tail  off  into  fibrous  white  or  i)ale  brown  mica ;  there 
is  a  good  deal  of  sericite  and  some  chlorite  between  the  grains 
which  are  very  close-packed,  giving  a  sort  of  quincuncial 
pattern  to  the  slide  ;  very  few  rock- fragments. 

( E.  2387.]    Pale  grit ;  quarry  250  yards  N.  of  Magher-e-breck,  Maughold. 

Micro.  An  ordinary  auartzose  pit  with  angular  grains  very 
close-packed  and  little  matrix  in  which  chlorite  and  sericite 
are  developed.  There  is  no  visible  evidence  of  secondary 
quartz-growth  as  in  the  quartzites.  It  has  been  somewhat 
crushed.  Quartz  when  smaller  than  "03  inch,  not  rounded  ; 
many  grains  very  "dirty";  one  grain  of  zircon;  sometimes 
several  adijacent  grains  behave  as  an  optical  unit. 

The  following  is  the  description  of  the  curious  boss  or  lenticle  of  quartz- 
rock  in  the  west  of  the  Island,  south  of  Kirkmichael,  described  on  p.  137. 
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[E.  2102.]    Quartzite  •  crag,  west  side  of  road  120  yards  n.n.e.  of  branch  to 
Skeristd  Beg^  Michael. 

Micro,  Almost  the  whole  of  the  fragments  of  this  are  guartz,  but 
there  are  a  very  few  of  felspar ;  not  much  alteration  of  the 
ground-ma.ss :  some  of  the  grains  well  rounded,  and  ground - 
mass  not  in  great  plenty  ;  a  little  detrital  mica,  both  brown 
and  white. 

The  next  two  slides,  one  from  the  southern  coast  and  the  other  from  the 
western  interior,  afford  good  examples  of  the  effects  of  shearing  upon  grit- 
bands  associated  with  slaty  rocks. 

[E.  1984.]  Sheared  quartzo-felspathic  grit ;  outer  Cronnnfj  Rocky  Bay  ny 
Carricky. 

Micro.  Quartzose  grit  with  some  felspar,  but  no  rock-fragments  ; 
crushed  ground-mass  crypto-crystalline  with  sericite. 

[E.  1969.]  Sheared  bluish-grey  grit ;  Glen  Dhoo  in  Glen  Rushen. 

Micro.  A  quartzose  grit  with  angular  fragments,  much  crushed, 
and  with  micro-flaser  structure ;  the  grains  all  **  tailing  "  off 
into  the  matrix,  with  sheaves  of  mica  ;  the  ground-mass 
intensely  crushed,  with  banded  structure  m  which  layers  rich 
in  granulitic  quartz,  sometimes  becoming  fairly  coarse, 
alternate  with  layers  rich  in  sericite,  which  is  very  freely 
developed. 

We  have  next  to  deal  with  the  group  of  coarse-grained  or  pebbly  ^ts. 
These  besides  exhibiting  many  instructive  crush-phenomena,  are  especially 
interesting  in  sometimes  containing  small  fragments  of  andesite,  referred 
to  on  p.  49,  along  with  other  rock-detritus  derived  from  land  which  was 
undergoing  erosion  during  the  deposition  of  the  grits,  thereby  furnishing 
our  only  information  respecting  that  land.  The  first  three  are  from  the 
south-eastern  coast  ;  the  fourth  [1967]  from  the  west  coast ;  the  fifth  [2131] 
from  the  western  slope  north  of  Kirkmichael  ;  and  the  sixth  [242.5]  from  the 
northern  i>art  of  the  massif. 

[E.  2812.]  Pebbly  grit :  St.  Ann's  (Santon)  Head. 

Micro.  A  coarse  grit,  mainly  quartzose,  but  with  fragments  of 
fine  grit  and  slate  in  it.  The  quartz  is  very  much  shattered^ 
having  undulose  extinction,  brecciated,  with  the  unseparated 
portions  divided  by  very  fine  quartz  completely  granulitized, 
and  sometimes  ^itn  a  structure  resembling  a  rude  microcline 
twinning  developed  in  it. 

[E.  2813.]  Sheared  grit :  west  side  of  Keinstal  near  Port  Soderick. 

Micro.  A  finer  quartz-grit,  not  so  much  crushed  as  usual ;  several 
rock-fragments  occur,  and,  amongst  them,  several  slivers  of  slate 
and  one  or  two  large  angular  fragments  of  it  which  are  squeezkl 
out  at  their  ends  into  fine  shreds.  They  appear  strangers  to 
the  rest  of  the  rock  and  may  have  been  infolds,  though  there 
is  nothing  visible  to  prove  this.  I  think  it  rather  more  likely 
they  may  have  been  clay-galls,  torn  up  by  subsequent  rock- 
movement. 

[E.  1959]  Coarse  dark  bluish-grey  grit :  north  side  of  Cass-ny-Hawin  Head. 

Micro.  A  coarse  grit  in  which  quartz  is  predominant,  all  the 
grains  being  markedly  angular ;  some  of  them  having 
certainly  been  derived  from  the  j)orphyritic  quartz  of  a  quartz- 
porphyry.  They  have  suffered  much  from  movement  since 
they  were  embedded  in  the  grit,  and  they  show  first  undulose 
extinction,  then  partial,  and  finally  complete  ^ranulitization. 
Detrital  grains  of  felspar  mainly  converted  mto  a  micro- 
aggregate,  iron-ores  and  muscovite  are  common  ;  brides  these, 
there  are  large  and  small  grains  of  slate,  granulite,  and  at  least 
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one  fra^ent,  and  probably  more,  of  a  fine-grained  (non- 
porphyritic)  felspathic  andesite.  The  ^ound-mass  is  fine- 
f^rainea  and  detrital,  and  has  sericite  abundantly  developed 
m  it. 

[E.  1967.]  Dark  bluish-grey  grit  showing  linear  stretching:  beach  under 

Glion  ny  Goayi" ;  s.  of  Niarbyl  Bay. 

Micro.  This  grit  contains  a  much  larger  proportion  of  rock- 
fragments  and  a  smaller  one  of  quartz  than  tne  others  examined. 
The  latter  are  in  most  cases  strained,  crushed,  CTanulitized, 
and  broken,  and  the  whole  rock  has  evidently  suffered  much 
from  crushing.  Slivers  of  very  fine  dark  slate  are  conspicuous. 
They  are  intensely  contorted  and  dragged  into  the  finest 
interspaces  in  the  grit.  The  rock  appears  to  be  a  variation  of 
the  crush -conglomerate  in  which  there  was  not  enough  shaly 
matter  to  form  a  flowing  matrix,  but  a  preponderance  of  hard 
material  to  make  a  anim-ffn't. 

[E.  2131.]  Crushed  coarse  ashy-looking  grit :  small  quarry  200  yards  e.n.e. 
of  Creggan  Mooar,  Knocksharry. 

Micro.  A  miwh  crushed  (luartzose  grit,  a  few  of  the  grains  being 
rounded ;  rock-fragments  not  so  common  as  in  [E.  1967J. 
Slivers  of  slate,  contorted,  and  at  least  two  undoubted  frag- 
ments of  andente.  Sericite  is  the  most  abundant  matrix- 
mineral.  Apparently  originally  a  grit,  which  is  approaching 
the  crush-conglomerate  condition. 

[E  2425.]  Coarse  quartzose  grit :  Braid  Fass,  Glen  Auldyn,  e,  of  b.m.  5409, 

Micro.  This  appears  to  be  an  advanced  condition  of  the  state  of 
thin^  existmg  in  [1967.]  The  crushing  has  been  carried  so 
far  tnat  the  boundary  between  grains  and  groundmass  is  not 
a  very  definite  line  when  seen  under  non -polarized  light,  while 
with  polarized  light  the  edges  of  the  grains  are  seen  to  become 
highly  granulitized  and  to  shade  off  into  the  *  matrix.  Simple 
quartz  grains,  not  more  than  "05  inch  in  diameter;  larger 
grains  are  granulitic  aggregates  up  to  0*1  inch  diameter. 


Slates. 

The  two  following  slides  were  cut  to  investigate  the  supjwsed  organic 
(graptolite)  structures  referred  to  on  \\  91 ;  beside-*  showing  the  inorganic 
character  of  the  structure  in  both  cases,  they  will  serve  to  illustrate  the 
general  characters  of  the  less  altered  slate-rocks  of  the  series.  The 
localities  are  on  the  northern  margin  of  the  massif,  respectively  west  and 
east  of  the  mouth  of  Sulby  Glen. 

[E.  2846.]  Slate,  with  supposed  Graptolite  (see  p.  94).     Crag  on  summit 
of  Gob  y  Volley. 

Micro.  This  is  a  cleaved  rock  with  perfect  lineated  structure, 
every  fragment  being  elongated  with  the  cleavage  and  souje- 
what  phacoidal  in  shape,  w  hile  it  is  sheeny  throughout  with  a 
mat  of  sericite.  Thin  contorted  layers  with  rather  larger 
micas  wander  across  tlie  slide,  pinched  off  in  places  and 
making  a  low  oblique  angle  with  tne  cleavage.  The  supposed 
fossil  is  a  quartz-vein,  on  one  side  of  which  the  cleavage  is 
beautifully  frilled  and  traversed  by  a  strain-slip.  The 
"  Dictyonema^^  is  undoubtedly  the  out^^ropof  this  structure. 

[E.  2847.]  Slate  with  supposed  Graptolite  (see  p.  94) :  west  quarry,  Cronk 
Sumark,  Sulby. 

Micro,  The  rock  is  a  slightly  gritty  phyllite  with  all  the  minute 
particles  of  quartz,  etc.,  phacoidal  and  with  fair  strain-slip 
nmning  about  at  right  angles  to  the  general  lineat'on  as 
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indicated  by  the  sheeny  development  of  serieite.  The  rock 
has  been  profoundly  affected  bv  movement  which  haa  made 
itself  felt  pretty  well  all  through  the  rock  about  evenly.  The 
rock  splits  more  easily  along  the  lineation  than  along  the 
strain-slip. 

Crush-conglomerate. 

The  following  account  of  the  petrographical  character  of  the 
crush-conglomerate  and  its  incipient  stages  is  reproduced 
almost  vsrbativfi,  with  some  omissions  and  slight  alteration  of 
arrangement,  from  Prof.  Watts'  notes  on  the  subject  in  our  joint 
paper,  "  The  Crush-conglomerates  of  the  Isle  of  Man,"  published 
m  Quart.  Journ.  Geol.  boc,  vol.  li.  (1895),  pp.  588-596.  In  this 
paper  Prof  Watts'  descriptions  were  illustrated  by  two  plates, 
containing  ten  figures  of  the  slides,  which  should  be  consulted  by 
the  reader. 

"  It  is  very  rare  to  find  in  the  Manx  Slate  series  any  sedimentary 
rocks,  except  those  of  very  coarse  grain,  which  have  not  been 
crushed  ana  sheared  by  earih  movements.  Outside  the  principal 
zone  of  crush  and  brecciation  the  rocks  still  show  their  original 
clastic  structure,  but  they  begin  to  show,  by  much  deformation, 
shearing,  and  cleavage,  the  influence  tf  those  movements  which 
have  produced  such  grand  results  in  the  great  crush-zone  itself. 
These  rocks  may  be  regarded  as  the  raw  material  out  of  which 
the  crush-conglomerates  have  been  manufactured. 

"  The  microscopic  observations  appear  to  confirm  in  all  essential 
points  thetieductions  drawn  from  the  field  evidence.  They  even 
enable  us  to  go  a  little  further  on  some  points : — To  trace  the 
disintegration  of  the  grit  bands;  to  watch  the  process  of 
'  pebble-making '  on  a  small  scale ;  to  see  the  breaking  up  of  the 
*  pebbles '  themselves  into  miniature  '  crush-conglomerates  * ;  to 
follow  the  erosion  of  the  *  pebbles'  into  single  grit-particles 
involved  in  slate  ;  and,  finally,  to  state  the  amount  of  secondary 
change  which  the  rocks  have  undergone. 

"  It  is  not  proposed  to  give  a  fiill  microscopic  description  of  each 
specimen,  only  of  those  which  are  of  prime  importance,  merely 
referring  to  the  principal  features  which  are  to  be  observed  in  the 
other  specimens. 

"  The  original  sediments  arc  best  illustrated  by  the  following 
specimens : — 

[E.  2403.]    Crushed  grit :  Glen  Dhoo  Stream,  nearly  2  miles  west  of  Sulby 
Glen. 

Miei'o.  A  dark-grey,  compact  grit,  with  veins  running  parallel  to 
the  shear  planes.  Microscopically  this  grit  is  seen  to  be  made 
up  chiefly  of  quartz-grains,  with  a  smaller  quantity  of  felspar 
and  a  few  bits  of  detrital  mica  and  tourmaline.  The  largest 
grains  measure  '02  inch  in  length,  but  the  avera^  size  varies 
from  *005  to  '007  inch  in  len^h.  In  part  of  the  slide  the 
grains  show  the  effects  of  crushing,  and  have  become  phacoidal 
in  shape ;  the  shear  planes  which  curve  round  them  are 
marked  by  sericite-flakes.  The  matrix  in  which  the  grains  are 
set  is  a  very  fine-grained  aggregate  of  quartz-grains,  calcite, 


Petbogbaphy  :   Cbush-oonglomebate.  101 

and  very  minute  scales  of  sericite ;  the  latter  mineral  from  its 
relation  to  the  fragments,  occasionally  encroaching  on  even  the 
larger  grains,  must  be  secondary  product. 

[£.  2427.]    Close-grained  grit ;  same  locality  as  last. 

Aticro,  This  is  a  still  finer  grit,  which  is  more  crushed  than  that 
last  described,  so  that  all  the  grains  are  phacoidalin  shape  and 
are  set  in  a  plexus  of  minute  flakes  of  sericite  and  pale-brown 
mica.    It  has  evidently  undergone  some  chemical  cnange. 

[E.  2414.]  Grit  cut  into  *  pebbles,*  which  are  only  just  being  disconnected 
(see  p.  132) :  eastern  side  of  Glen  Dhoo  stream,  opposite  farm- 
stead. 

Micro.  The  two  slides  cut  from  this  specimen  are  extremely 
instructive,  as  they  show  fine  puckered  slate  in  contact  with 
fine-grained  grit,  just  the  kind  of  junction  which  one  would 
expect  to  throw  light  on  the  progress  of  the  crushing.  The 
junction  is  irregular,  rounded  promontories  of  the  grit  pro- 
jecting into  the  slate,  and  fine  crushed  shreds  of  slate  running 
into  the  sulfs  and  bavs  between.  Occasionally  bits  of  ^t  are 
finite  isolated  from  tne  main  mass,  and  form  as  it  were  islands 
in  the  slate.  Where  this  occurs  tne  straits  of  slate  are  highly 
puckered,  and  often  have  a  tine  strain-slip  cleavage  developed 
m  them,  which  does  not,  however,  penetrate  into  the  grit. 
These  divisional  planes  vary  in  direction  in  different  parts  of 
•  the  slide  and  appear  to  be  here  merely  a  local  phenomenon, 
due  to  the  pinching  of  the  slate  in  the  jaws  of  the  grit.  It 
bears  no  relation  to  the  incipient  separation  of  the  grit  pro- 
montories into  islands,  whicn  must  ue  attributed  to  another 
and  earlier  movement. 

The  dividing  of  the  grit  band  into  fragments  can  almost  be  watched  in 
the  two  slides  cut  from  this  si>ccinien.  The  disjecta  rnembra  vary  in  size, 
from  fairly  large  patches  to  those  which  contain  only  a  few  grit-j)articles, 
and  even  these  are  beginning  to  go  to  pieces,  so  that  one  is  compelled  to 
believe  that  many  of  the  separate  grit-particles  in  the  slate,  wnich  are 
evident  strangers  there,  have  been  floated  off  from  the  grit-band,  and  are 
the  ultimate  term  of  the  disintegration. 

"  The  Cmah'Conglomerate.     The  slides  from  the  crush-con- 

? glomerate  belong  to  two  groups :  (a)  those  which  are  taken 
rom  individual  &agments  or  *  pebbles/  generally  the  larger  ones, 
and  (6)  those  which  show  the  microscopic  aspect  of  the  con- 
glomerate itself  and  its  smaller  '  pebbles.* 

"  A  remarkable  feature  about  the  crush-rocks  is,  that  in  spite  of 
the  immense  amount  of  mechanical  disturbance  which  they 
have  undoubtedly  undergone,  they  have  suttered  comparatively 
little  mineralorical  change.  The  slate  of  other  areas  presently 
to  be  described  exhibit  locally  much  more  mineral  change  than 
has  been  detected  in  the  zone  of  crush,  so  that  the  amount  ot 
change  found  in  particular  specimens  of  the  conglomerate,  such 
as  [E.  2412],  need  not  necessarily  be  connected  with  the  actual 
brecciation.  A  specinxen  to  be  subsequently  described  will 
show  that  the  conglomerate  itself  has  sometimes  suffered  from  a 
later  thermal  metamorphism. 

"  Two  specimens  and  four  slides  of  the  '  ci'ush  conglomerates ' 
have  been  chosen  for  description : — 
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[E.  2413.]    Band  of  pale  breccia  in  darker  breccia.    Lowest  crags  on  eastern 
side  of  the  Sulby  river,  at  Cluggtd  junction. 

Macro,  This  specimen  breaks  with  a  slabby  fracture^  wliich  is 
seen  on  the  cut  surface  to  correspond  to  a  banding  of  the 
specimen,  at  first  resembling  bedding.  This  direction  corre- 
sponds with  a  CTit-band  traversing  the  fine  slaty  material  in 
tne  middle  of  the  specimen.  Parallel  with  this,  ©n  each  side 
run  one  or  more  bands  of  conglomerate,  generally  consisting  o 
light-coloured  fragments  in  a  darker  matrix  j  some  of  the 
fragments  are,  however,  darker  than  the  matrix.  Traversing 
all  these  bands  at  an  angle  of  about  30"  or  35"  runs  a  close 
cleavage,  the  planes  being  lead-coloured  and  marked  by  a 
deiK)sit  of  exceedingly  line  chloritic  matter.  Tliis  is  the 
"snear-cleavaffe"  previously  described  (p.78),  and  its  inter- 
section with  the  slabby  structure  produc^  a  streaking  on  the 
surface  of  the  latter.  The  slide  described  is  cut  at  right 
angles  to  all  three  structures. 

Micro,  In  the  slide,  the  fine  band  is  seen  to  be  a  grit 
made  up  of  angular  quartz-grains  varying  from  '002  to 
'001  inch  in  length.  The  coarse  bands  are  conglomeratic,  and 
consist  of  fragments  from  '100  to  '125  inch  long,  set  in  a  slaty 
matrix  ;  this  fretjufently  contains  grit-particles  set  in  a  fine- 
grained fibrous  material,  which  appears  to  be  chiefly  chlorite. 
A  fine  slaty  substance  of  this  description  makes  up  the  fine 
dark  laminai  which  separate  the  conglomerate-bands  from  the 
grit  and  from  each  other. 

The  fragments  in  the  conglomerate-bands  are  made  up  chiefly 
of  grit  similar  to  that  just  described  ;  of  still  finer  grit ;  and 
of  slaty  rock  in  which  mica  is  rather  freely  develoi>ed.  No 
fragments  of  igneous  rocks,  or  indeed  of  any  other  rock  than 
those  just  mentioned,  have  yet  been  discovered  in  the  crush- 
conglomerate. 

Signs  of  great  crushing  are  at  once  observable  throughout  the 
slide ;  faulting,  contortion,  and  cleavage  are  all  present,  and 
the  ouartz-particles  in  the  ^t,  and  especially  in  the  slate,  are 
nearly  all  jihacoidal  in  outline. 

Turning  next  to  the  divisional  planw  to  l)e  seen  in  the  slide 
the  following;  phenomena  are  imiK)rtant.  Taking  the  main 
t^rit-baiid  as  a  direction  of  some  significance,  and  without 
stoi)i)in;;?  to  incjuirc  exactly  whether  it  rei>resents  bedding  or 
what  not,  we  find  that  it  bears  n(^  relation  to  other  very 
imnortant  structures  of  the  rock.  The  "  shear  cleavage  "  is 
well  develoned  throughout  the  rock,  and  esi)ecially  in  the 
finer-grained  ijortion.  It  is  a  true  contortion-cleavage,  and  it 
aj)pears  to  be  the  same  as  ^^  ausweichumfsciivdffe  ^  and  the 
'  Ktrain-ahp"  cleavage  of  J^onnejr.  This  structure,  when 
best  develoi)ed  in  the  slaty  matrisr,  is  at  an  angle  of  30"  to  the 
'general  direction  of  the  grit-band  ;  it  nms  in  the  same 
direction  in  the  slate-fragments.  It  is  noteworthy  that  it  is 
.nly  in  such  fragments  as  have  their  laminae  at  right  angles 
to  the  strain-slip  direction  that  the  structure  is  at  all 
characteristically  shown  ;  these  alone  show  contortion  clearly. 
Tlu>Mc  otherwise  orientated  are  merely  crushed,  and  do  not 
display  so  clearly  the  reason  for  the  cleavage-planes  which 
traverse  them.  The  difference  of  .'^)'  in  the  directicms  of  the 
lineation  of  the  rock  and  of  its  cleavage  shows  that  the  latter 
structure  is  to  some  extent  independent  of  the  former. 

That  the  "  sliear-c^leavage  "  has  acted  on  the  rock  when  it  was  a 
conglomerate  is  evidenced  by  two  facts.  When  an  edge-  of  a 
fra/orment  is  at  right  angles  to  the  shear-cleavage  the  fragment 
and  th  -  matrix  are  .seen  to  have  been  contorted  together  and 
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even  faulted.  The  shear-cleavage  is  perfectly  developed  only 
in  the  slaty  matrix  and  slate-fra^ents.  and  very  imperfectly 
in  the  gritty  fragments  and  bands.  Wnen,  however,  tnere  has 
been  exceptional  movement  and  crush,  the  planes  travel  from 
the  coarser  constituents  to  the  finer. 

When,  however,  ah  attempt  is  made  to  assign  each  structure  in 
the  rock  to  the  earner  or  later  movements  very  great 
difficulties  crop  up,  chiefly  owing  to  the  tendency  there  would 
be  for  the  shear-cleavage  to  follow  the  lines  of  weakness 
initiated  by  the  first  crushing  of  the  rock. 

That  the  "conglomerate"  is  cataclastic  and  not  epiclastic 
might  have  been,  I  think,  predicted  from  the  examination  of 
the  slide  and  specimen.  In  the  first  place,  the  nature  of  the 
conglomerate— slate  and  grit-particles  in  a  slaty  matrix — is,  to 
say  the  least  of  it,  a  very  unusual  one ;  it  is  difficult  to  see 
how  such  a  conglomerate  could  result  from  a  deposit  in  water. 
In  the  next  place,  the  absence  of  extraneous  fragments  is 
most  suggestive,  all  the  fragnnents  being  such  as  are  found 
bedded  in  the  Manx  Slate  series.  Further,  the  examination 
of  the  shape  of  the  fragments  leads  to  the  same  conclusion. 
Working  along  the  slide  from  right  to  left,  one  seems  to  be 
following  a  bed  of  grit;  first  it  is  slightly  bent,  next  it  is 
more  sharply  folded  and  almost  faulted,  then  nearly  pinched 
off  by  a  sharp  wrench,  and  at  last  it  is  actually  torn  off,  and 
one  realises  tnat  one  has  been  tracing  a  fragment  and  not  a 
band  ;  or,  rather,  that  one  is  watching  the  actual  method  of 
forming  a  fragment  out  of  a  band.  Tnis  may  be  seen  again 
and  again,  and  in  places  smaller  bits  of  such  fragments  will  be 
seen  wrenched  off  and  still  standing  in  close  proximity  to 
their  parent  masses  (compare  p.  67,  Fig.  12). 

Few  of  the  fragments  in  the  slides  studied  are  entirely  rounded  i 
usually  one  or  two  comers  are  rounded  off,  while  the  rest  ar® 
sharp  and  angular.  A  peculiar  feature  is  that  some  fragment^ 
are  rounded  and  *. pebbly'  at  one  end,  while  at  the  other 
they  have  behaved  as  matrix  and  have  had  other  *  pebbles ' 
jammed  into  them.  In  one  case  where  this  is  observable  the 
reason  is  obvious ;  the  *  pebbly '  end  is  coarse-grained  and 
resisting,  the  *  matrix '  end  is  made  of  finer,  softer  material. 

Without  going  into  further  minute  detail,  the  api^earance  of  the 
slide  may  be  thus  summed  up : — Fragments  are  bent,  twisted, 
broken,  faulted,  and  floated  off  from  one  another ;  one 
fragment  indents  another,  or  has  another  bent  or  broken  over 
it ;  wisps  and  shreds  of  matrix  are  caught  up  amongst 
adjacent  fragments,  torn,  faulted,  and  teased  out,  or  rounded 
and  made  into  *  peobles  where  there  is  more  space  for  them 
to  move ;  the  matrix  and  fragments  are  m  places  so 
inextricably  mixed  up  that  it  becomes  impossible  to 
discriminate  between  them. 

[E.  2412.]  Crush-conglomerate  in  Druidale  stream  N.  of  Close. 

Macro,  A  dark  slaty  rock  or  phyllite  containing  fragments  of 
pale  grit.  The  rock  splits  into  slabs,  which  are  at  an  angle  of 
about  thirty  degrees  to  the  minutely  puckered  foliation  ;  these 
slabs  are  defined  by  the  "  shear-cleavage.'*  The  elongation  of 
the  fragments  is  in  the  plane  of  foliation.  Owing  to  the  less 
marked  character  of  the  second  movement  this  specimen  is 
very  valuable  in  showing  the  origin  of  the  conglomeratic 
structure. 

Micro.  Three  slides  have  been  prepared ;  two  arc  in  the  plane  o' 
intersection  of  tlie  slip  strain  with  the  contorted  foliation,  and 
almost  at  right  angles  to  the  elongation  of  the  fragments ;  they 
consequently  show  only  the  strike  of  the  divisional  planes, 
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which  appear  as  cleavage  craeLs.  The  slide  has  a  damascened 
appeaiance,  owin^  to  the  dixeccioii  in  vhkh  the  mica-folia  ire 
ciit,  and  the  matrix  of  ihe  rock  is  rich  in  sericite.  whioh  is 
clearly  a  £econ«lary  f«odact.  The  fragments  do  not  show  any 
decisive  orientation  m  this  slide  n^x  do  they  seem  to  be  in  any 
way  related  to  the  foliation  planes. 

The  other  slide  [E.  2412  C-J.  however,  is  cut  at  right  anzle*  to 
the  cleavage  and  foliation,  aL.d  parallel  to  the  elongatioQ  of 
the  frairnients,  so  that  it  is  very  inatracrive.  The  X'byllitic 
matrix  is  rich  in  sericite.  and  is  well  foliated.  The  folia  are 
in  wavv  bands  ^th  the  devel<>pment  here  and  there  of 
strain ->Iip  cleavage-planes  which  traverse  matrix,  or 
fra^^ents,  nr  b^th,  accorxling  to  the  nature  of  the  material 
of  which  they  are  made ;  such  planes  dedne  the  slably 
surfaces  of  the  hand-specimen.  The  grit-  and  slate-fragments 
are  all  phaciidai  in  outline,  and  are  drawn  out  alnn/  the 
foliation  jilanes  folded,  torn,  and  enwrapi^ed  by  the  folia  of 
the  niatnx.  Fragments  are  occasionally,  but  rarely,  cut  off 
abruptly,  and  even  when  this  is  the  case  with  one  end,  the 
other  is  fre«4uently  drawn  out  into  the  matrix.  The  nature  of 
the  fragments  and  the  absence  of  any  extraneous  ty^ies  of 
ro<:ks  mast  be  relied  on  here  to  prove  that  the  brecciation  has 
f»cr:Mrre<l  in  *itu. 

The  whole  nn-k  has  undergone  more  mineral  change  than  the 
MiM.'cinjeii  [K.  -IWX]  last  described. 

•'  Prhhh'H*  In  tin'  dnifjluinPrtitf. — Tlic  frji Lament s osdiibit  a  great 
nniforinity,  and  notliinj;  1ms  hitherto  been  foimd  in  them  but 
tlu'  <:rits  aiMl  sluies.  Now,  the  field  evidence  has  shoi^ii  that  the 
lo('alioii  of"  thr  hrcrriation  has  l)een  settled,  in  the  majority  of 
cases,  l)y  tlifi  r'xisteiice  of  thin  grit-huids  in  slate,  forming  a 
transition  in  the  series  l>ct\veeD  the  main  grits  Ijelow  and  the 
shite  al)«)Ve.  The  fratrnients  found  in  the  CRish-eongloniorates 
eonM  all  Ixj  niateluMl  either  in  this  transition  series  or  else  in  the 
main  ^nits  r)r  slates.  Althouj^h  the  importance  of  looking  out 
for  the  cjxistenco  of  fra^nents  and  other  strangers  was  fully 
re(!o^rni.sod  and  a  nnniber  of  s[>ecimens  were  collected  to  be  tested 
with  this  point  in  view,  not  a  single  fragment  of  anv  other  rock 
has  IxM-n  uj)  to  the  j)resont  detected.  To  enforce  this  point  the 
foMowing  four  specimens  of  grit  fragments  have  been  selected 
for  <leseription  :  — 

[K.  liloo.j    From  ;,'rit -block,  1 J  feet  across,  in  crush-conglomerate:  Xarra- 
dale  Htreain,  \V.  5«  S.  of  838  ft.  level  on  Sulby  Road. 

This  JM  a  fia^'iiHMit  from  the  largest  individual  block  hitherto  found  in 
th<t  (Mni^'loiiHiatc.  'j'Jic  ]»h)ck,  wliicii  \v(ls  1  \  feet  in  diameter,  as  descTil»e<l 
at  p.  «»o,  had  \U  out^T  face  smoothed  and  striated.  Within  the  surface- 
I.iyrr  tin-,  ro  k  has  not  bteii  affected  by  crushing,  as  is  shown  l»y  tk* 
^•haracter  of  a  slide  taken  from  beneath  the  crust  of  the  block. 

.Mi'ro.-.r(>|»i(a]ly  this  slide  is  seen  to  consist  chiefly  of  ijuartz- 
/riains,  the  lar^^'est  of  which  are  a  little  over  'Oi  inch  in 
dianujter.  Some  of  these  are  rounde<l  and  marked  otT  from 
t  h."  mat  rix  by  a  <leiK.»sit  (»f  dark  material.  The  smaller  grains, 
whirli  are  an^'idar,  vary  from  'Ol  to  -005  inch  in  diameter. 
One  of  the  grains  contains  a  felsitic  inclusion  as  though  the 
nuartz  had  been  derived  from  a  (luartz-porphyrj',  and  a  few  of 
the  grains  answer  to  the  matri.x  of  such  a  rock.  Very  few 
Krani^  of  felspar,  and  one  or  two  of  detrital  toiu-malinc,  arc 
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present.  The  matrix  is  quartzose,  with  a  little  sericite  and 
much  chlorite.  The  rock  shows  no  signs  of  crashing  or 
shearing,  and  there  is  practically  no  new  mineral  development 
in  it. 

£.  2410.]   Grit-inclusion  in  conglomerate :  Sulby  Glen  under  Close. 

Micro,  The  finer  grits  of  this  and  another  similar  slide  have 
suffered  much  more  from  crushing.  The  grit  contains  abun- 
dant grains  of  felspar,  as  well  as  of  quartz  and  muscovite, 
together  with  particles  of  iron-ore  Many  of  the  quartz  grains 
are  composite,  and  have  been  derived  from  a  granitic  or 
gneissose  rock.  The  grains  of  felspar  are  frequently  dusty 
with  inclusions  and  decomposition-products  intenorl^r,  but  are 
surrounded  by  a  ring  of  water-clear  felspar  in  optical  con- 
tinuity with  the  interior. 

The  grains  average  '006  inch  in  longest  diameter ;  the  fine 
matrix  is  made  up  of  quartz,  twinned  felspar,  and  muscovite. 
The  smaller  grains  are  arranged  with  their  lone  axes  parallel 
to  the  plane  of  movement,  and  the  matrix  is  chiefly  occupied 
by  folia  of  sericite  which  wrap  jx)und  the  grains  and  are 
evidently  a  secondary  product  due  to  the  movement  that  the 
rock  has  undergone.  The  patches  of  iron-ores  are  broken  to 
dust,  and  spaced  out  in  lines  parallel  to  the  movement. 

E.  2411.]    Grit-inclusion  in  crush^conglomerate  ;  60  yards  N.  of  Druidale 
junction  of  Sulby  River. 

This  specimen  is  of  great  interest,  because,  while  collected  as  a 
dngle  fragment  in  the  conglomerate,  it  is  quite  evident  that  a  little  further 
rrushins  would  have  converted  it  into  many  fragments  Yfith.  *  matrix' 
naterial  between  them,  and  would  have  incorporated  them  in  the  body  of 
:he  conglomerate. 

Micro.  A  coarse,  dark,  quartzose  grit,  in  which  some  of  the 
quartz-grains  are  opalescent.  Tne  original  sedimentary 
arrangement  of  the  materials  of  this  rock  is  entirely  lost,  and 
the  structures  which  are  left  are  merely  those  due  to  move- 
ment. The  rock  has  evidently  been  a  coarse  quartz-felspar 
grit  in  which  quartz  predominated,  but  fragments  of  slaty  and 
telaitic  rocks  were  also  present.  The  quartz-grains  are  pha- 
coidal  in  outline  ;  they  often  possess  undulose  extinction,  and 
they  have  at  times  an  ai)pearance  of  twinning.  They  are  often 
made  up  of  one,  two,  three,  or  even  more  inosculating  por- 
tions, and  they  can  be  seen  beginning  to  divide,  the  separated 
portions  becoming  filled  with  granular  quartz,  ana  every 
transition  down  to  complete  granulation  can  be  followed  up 
step  by  step. 

Even  when  a  grain  as  a  whole  has  withstood  the  crushing 
force,  its  edges,  and  especially  its  ends,  pass  into  a  granular 
quartz  with  muscovite.  Actually  inside  the  grains  granulitic 
patches  occur,  which  were  at  first  mistaken  for  felsitic  matter, 
out  which  are  now  regarded  as  the  products  of  crushing  ana 
granulation.  Fragments  of  striated  felspar  have  been  treated 
in  similar  fashion,  and  slaty  fragments  are  flattened  and 
dragged  out  amongst  the  more  resisting  fragments. 

Metamorphiam  of  the  Crush-Conglomerate. 

^E.  2418.]    Baked  crush-conglomerate :    East  side    of    quarry    adjoining 
dyke,  [E.  2390,  sec  p.  305],  Kerroo  Mooar. 

Micro.  The  fragments  in  this  rock  are  made  of  quartzose  grit 
rather  coarser  than  the  rest  of  the  rock,  which  consists  of  very 
finely  granular   quartz,   with  some    felai>ar,    and   abundant 
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muscovite  flaVes  not  arranged  in  any  definite  direction.  Thb 
fragments  have  phacoidal  outlines  and  some  of  them  are  full 
of  pyrites.  The  abundance  and  size  of  the  mica  seem  to 
indicate  that  contact-alteration  has  taken  place,  and  ito 
irregular  arrangement  is  quite  independent  of  tne  shearing  of 
the  rock.  As  might  have  been  expected,  mica  is  much  more 
freely  developed  in  the  slaty  matrix  than  in  the  grit- 
fragments. 

The  details  of  the  section  from  which  the  above  s[)eeimen  was  taken 
are  described  at  p.  59. 

Metamorphism  of  the  Slates. 

Wc  have  next  to  dciil  with  the  mineral  structure  of  the  slates 
in  difl'erent  phases  of  alteration,  but,  as  previously  stat<xl,  this 
branch  of  the  subject  will  be  only  tentatively  discussed  at 
present. 

In  the  immediate  neighbourhood  of  the  granitic  masses,  the 
sedimentary  rocks  are  rendered  more  or  less  crystalline  by  the 
development  of   new    minerals,  but   the   problem    which  vet 
remains  to  be  solved  is  as  to  the  condition  ot  the  rock  just  before 
the  intrusion  of  the  granites.     It  is  clear  that  the  strata  had  been 
folded  and  crushed  at  some  time  previous  to  the  intrusion  of  the 
principal  i^eous  masses  ;   and  if  the  regional  metamorphism 
referred  to  on  previous  pages  (pp.  70,  72)  oe  really  the  result  of 
dynamic  movement,  as  the  tield-evidenco  appears  to  indicat^j,  it 
it  is  probable  that  the  granites  were  intruaed  into  rocks  which 
were  already  much  altered.     The  attempt  to  disentangle  the 
eftects  of  these  two  supposed  periods  of  alteration  by  microscopic 
examination  has  not  hitherto  oeen  altogether  satisfactory,  though 
it  does  not  appear  to  be  hopeless.     In  the  field  it  was  thouglit 
that  an  older  schistosity  could  be  detected,  particularly  in  the 
vicinity  of  the  old  Cornelly  mine  (see  p.  105),  with  tlie  newer 
contact-alteration  sujxerimposed  upon  it,  hut  this  point  hiis  not 
yet  been  made  out  definitely  in  the  microscope-sliaes. 

(Umiiid-tdteratuni. — Before  seeking  to  discuss  the  regional 
alteration,  it  will  Ix)  advisable  to  give  a  few  notes  on  the  mmeral 
condition  of  the  sedimentary  rocks  in  the  immediate  proximity 
of  the  larger  igneous  intrusions. 

The  Dhoon  Granite,  which  conies  up,  apparently  with  steep 
walls,  through  Siindy  flags  not  particularly  susceptible  to  mineral 
change  (see  Chap,  viii.,  p.  311),  causes,  so  far  as  we  can  judge  from 
the  exposures  {yvi.  1 42-4),  very  little  alteration  of  the  country-rock 
until  we  are  within  a  few  yards  of  the  actual  junction,  and  even 
then  the  alteration  is  not  excessive,  as  the  two  following  slides 
will  show. 

[E.  2489.]  JjOiian  Flags,  altered  :  3  ft.  from  junction  with  granite  :    quarry 
at  Kionehenin,  Dhoon. 

J//V/V/.  This  rock  is  a  fine  iiuartzose  grit  with  an  abundant 
dcTelopnient  of  jiale  greenish  mica,  sliijjhtly  pleochroic  ;  asso- 
ciated with  this  IS  a  brown  mica,  which  increases  in  quantity 
in  one  ]>art  of  the  slide  ;  iron-ores,  and  a  little  zircon.  Beyond 
the  nature  of  the  mica  there  is  not  much  evidence  either  of 
dynamic  or  contact  metamorphism. 
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[K  2490.]  Lonan  Flags,  altered  :    2  inches  from  junction  with  granite ; 
quarry  at  Kionehenin,  Dhoon. 

Micro,  This  slide  shows  a  good  deal  of  contortion,  which  is 
especially  indicated  by  the  presence  of  a  coarsish  grit-band 
now  quite  granulitic  and  a  good  deal  sheared.  Along  its 
margin  a  certain  amount  of  brown  mica  has  been  formed, 
which  is  set  amongst  somewhat  elongated  grains  of  granulitic 
quartz ;  at  the  comers  of  the  grit-folds,  toa  there  is  abundant 
sericite  in  the  form  of  *  tails.'  The  rest  of  the  rock  is  a  very 
fine  grit  with  abundance  of  the  greenish  mica  and  sericite, 
muscovite  in  larger  grains,  iron-ores,  and  but  little  brown 
mica;  a  few  bands  are  much  contorted  and  quite  sheeny, 
and  in  [places  tourmaline  is  well-develofted.  Judging  by  the 
ai)pearance  at  the  edges  of  the  coarser  oands,  the  alteration, 
with  the  probable  exception  of  the  tourmaline,  appears  to  be 
as  much  the  result  of  dynamic  action  as  of  thermal  action. 
At  one  spot  a  few  crystals  of  triclinic  felspar  occur. 

Conditions  similar  to  the  above  obtain  in  regard  to  the  sedi- 
mentary roc^  surrounding  the  Oatland  Granitite,  which  is 
intrusive  upon  Lonan  Flags  of  a  somewhat  more  argillaceous 
type  (p.  185). 

[K  2914.]  Baked  I'lags  :  n.e.  side  ol  Oatland  intrusion,  near  contact. 

Micro,  Tms  rock  is  banded,  alteniately  coarser  and  finer 
grained ;  the  coarser  bands  show  clastic  grains  of  quartz  set 
m  an  aggregate  of  minute  mica-flakes  which  are  probably  of 
secondary  origin  ;  the  fine  bands  are  spotted,  the  clear  spots 
consisting  of  white  mica  with  an  occasional  particle  of  quartz, 
the  darker  network  in  which  the  si)ots  are  set  consisting 
mainly  of  chlorite.    A  banded  and  spotted  homfels. 

The  Foxdale  Granite,  however,  which  is  intruded  into  rocks 
of  a  slaty  character  (p.  165),  and,  moreover,  is  known  to  shelve 
^raduall]/^  downward  from  its  outcrop  for  some  distance  (p.  506-7), 
has  a  wider  halo  of  alteration,  though  even  this  is  apparently 
limited  to  a  few  hundred  feet  at  the  most,  and  is  insignificant 
both  in  extent  and  in  the  degree  of  mineral  change  when  com- 

gared,  for  examnlc,  with  the  lialo  surrounding  the  Skiddaw 
rranite  of  the  Liike  District.  But  there  is  a  large  tract  of  highly- 
altered  slate — indeed,  a  true  gametiferous  mica-schist — lying  not 
far  to  the  northward  and  north-eastward  of  the  granite.  This 
tract  has  its  centre  a  little  over  a  mile  distant  from  the  visible 
margin  of  the  granite,  and  the  alteration  is  believed  to  be  of  the 
regional  type,  m  spite  of  certain  facts  which  might  be  taken  to 
indicate  a  airect  relationship  with  the  plutonic  intrusion  (p.  165). 
Leaving  ^bis  point  for  the  present,  we  give  the  description  of 
two  slides  cut  from  specimens  of  slate  close  to  the  granite 
outcrop. 

[E.  2889.]  Junction  of  granite  with    slate ;    Renshent,  w.  of  Eairy,  near 
Foxdale. 

Micro.  This  is  a  granitite  with  altered  biotite.  in  contact  with  a 
gametiferous  biotite-schist.  The  granite  bears  a  little  tour- 
maline and  in  the  slate  at  the  margin  there  is  a  mineral  like 
cordierite. 

[E.  2803.]  Altered  slate,  in  or  near  lode,  in  s.  cross-cut  of  170  fm.  level, 

Potts  Shaft,  Foxdale  Mines. 

Micro.  A  tine-grained  whitt'-niica-pliyllitc  without  frarnets ;  there 
are  augen  of  a  mineral  with  good  edges  and  approximately 
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hexagonal  outline  made  up  of  an  even  and  very  minute 
aggregate  of  highly  polarizing  fibres  ;  this  may  be  an  approach 
to  the  formation  of  cordierite. 

The  majority  of  the  intrusive  dykes  which  traverse  the  slates 
are  too  narrow  to  have  exerted  much  metamorphic  eflfect ;  but 
the  broader  examples,  whether  acid,  intermediate,  or  basic,  have 
had  more  influence  in  this  direction,  and  are  usually  margined 
by  a  narrow  rim  of  baked  and  splintery  slate.  Tnis  kind  of 
alteration  may  be  best  studied  in  cliff-sections  where  the  broader 
dykes  are  exposed. 

The  boss  of  diabase  at  Poortown  (p.  156)  has  this  baking 
effect  in  a  marked  degree,  as  is  well  seen  in  the  small  quarry  at 
its  eastern  edge. 

Regional  Metainorphiani, — The  area  affected  by  the  re^onal 
type  of  alteration  is  roughly  indicated  on  the  sketch-map,  Fiff.  29, 
p.  84.     Its  limits  cannot  be  sharply  defined,  as  the  metamorpnism 
varies  considerably  in  intensity  from  place  to  place,  and  appears 
to  be  essentially  only  a  local  enhancement  of  that  slight  sericitic 
alteration  which  affects  the  whole  mass  of  the   slates.      This 
enhancement  takes  place,  however,  mainly  within  a  rude  belt  run- 
ning parallel  to  the  central  stnitigraphical  axis  of  the  island,  and 
is  chiefly  prevalent  in  the  banded  strata  of  transitional  type  which 
lie  between  the  Barrulc  Slates  and  the  Grits  on  the  south-eastern 
side   of  that  axis.     Starting  at  the  N.E.  corner  of  the  massif, 
this  belt  may  be  traced  south-westward,  with  the  strike  of  the 
rocks,  from  the  vicinity  of  the  coast  near  Maughold  Head,  into 
the  interior  along  the  line  of  the  upper  Coman  Valley  and  the 
main  ridge  of  Barrule  Slates ;  past  onaefell  and  Beinn-y-Phott 
to   the    central    valley   near  Greeba  ;    across  that   valley  into 
the  broader  and  more  highly  altered  schistose  tract  lying  north- 
east of  the  Foxdale  Granite  ;  and  thence  to  the  upper  reaches 
of  the  Silverbum  Valley,  beyond  which  its  further  prolongation 
is  uncertain.      It  has  already  been  noticed  (p.  70)  that  the 
position  of  the  belt  on  the  south-eastern  side  of  the  structural 
axis  is  in   many  respects  analogous  to  that  of  the  belt  of  crush- 
conglomerates  on  the  opposite  or  N.W.  side,  and  involves  the 
same  set  of  rocks.     This  correspondence  can  scarcely  be  acci- 
dental, and  it  seems  conceivable  that  the  differential  movements 
to   which  these  beds  were  peculiarly  exposed  (p.  70)  led  to  the 
production  ot  the  crush-conglomerate  on  the  one  side,  where  the 
superincumbent  load  was  least,  and  on  the  other  side  to  a  more 
intimate  change   of  mineral  character,  where  the  compressive 
force  was  too  great  to  permit  of  rock-brecciation  (p.  76).  Whether 
from  this  cause   or  another,  the  banded  slates  of  the  altered 
zone  nearly  everywhere  show,  under  the  microscope  if  not  to  the 
naked    eye,   a    now    development    of    small   mmeral   crystals, 
including  brown  mica,   garnet,  tourmaline,  chloritoid,  ilmenite, 
etc.,  in  addition  to  the  usual  sericite ;  and  not  only  are  the  slates 
thus  altered,  but  also  the  older  igneous  dykes,  especially  those 
of  *  greenstone,'   traversing  the  belt  (see   p.  308).     The  slate 
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ually  most  altered  and  its  new  minerals  largest  afid  most 
)icuoiis  in  the  immediate  vicinity  of  grit-bands,  quartz- veins, 
her  hard  bodies;  and  the  appearances  suggest  that  this 
ased  alteration  is  due  to  the  increased  crushing  and  friction 
loped  along  the  junction  of  soft  and  hard  masses.^ 

ithin  the  limits  of  the  zone,  the  alteration  is  least  marked  at 
lorth-eastem  extremity  of  the  island,  and  increases  inland, 
following  slide  will  show  its  character  in  the  cliffs  south  of 
jhold  Head. 

:16.]  Striped  sandy  shale ;  frilled  and  sheared.     Traie  ny  Foilluny 
Maughold. 

Micro. — The  stripe  of  this  specimen  is  a  plane  which  has  been 
minutely  puckered  and  in  the  slide  is  seen  to  be  crossed,  at 
an  angle  of  about  sixty  degrees,  by  a  strain-slip  cleavage  in  the 
slate-bands.  In  places  the  grit  is  torn  off,  ana  forms  Jen  tides 
in  the  slate.  Pale  brown  mica  is  developed  along  the  planes 
of  stripe  in  the  slate  bands,  and  it  runs  into  the  strain-slip 
planes  in  wavy  surfaces.  The  amount  of  mica  present  here  is 
very  great,  but  there  is  much  less  in  the  grit-bands.  A  few 
colourless  needles,  which  I  take  to  be  felspar,  occur  in  the 
slate,  and  a  few  needles  of  tourmaline  are  also  present.  A 
great  quantity  of  ilmenite  in  line  needle-like  crystals  occurs 
scattered  (juite  irregularly  all  over  the  slide.  It  has  no  definite 
orientation.  The  snredding-out  of  the  coarse  beds  is  observ- 
able, but  the  fragments  remain  along  the  line  of  stripe. 

ticulars  respecting  the  exposures  of  similar  *  spotted '  slates  in  other 
3  within  the  altered  belt  in  this  part  of  the  island  will  be  found  in  the 
er  of  topographical  details  (Chap  iv.),  wherein  also  the  later  discolour- 
and  decomposition  of  certain  portions  of  the  slate  in  the  upper 
ih  Valley,  possibly  by  comparatively  recent  hot-spring  action,  are  also 
ased. 

le  next  spot  within  the  belt  which  needs  description  is  in  the 
lity  of  Snaefell,  where  the  alteration  has  locally  reached  a 
5  advanced  stage.  The  peculiar  interest  of  this  locality  lies 
le  fact  that  the  altered  slates  occur  on  the  flanks  of  the  moun- 
at  between  1,000  and  1,800  feet  above  o.d.,  and  that  the 
s  are  not  only  dissected  by  deep  valleys  on  all  side,  but  are 
penetrated  bv  the  shaft  of  a  lead  mine  (p.  526),  to  a  depth  of 
it  1,000  feet  from  the  bottom  of  the  valley  cast  of  the  moun- 
equivalent  to  nearly  200  feet  below  the  sea-level,  with  long 
ings  northward  under  the  hill,  without  discovering  any 
3d  igneous  mass  adequate  to  cause  the  alteration.  The 
est  visible  intrusive  rock,  other  than  the  usual  small  dykes, 

'he  alteration  seems  to  be  very  similar  to  that  recently  described  by 
C.  A.  Haisin  in  her  paper,  "  On  certain  altered  rocks  from  near 
)gne  (Ardennes)  "  (Quart.  Journ.  Oeol.  Soc.  vol.  Ivii.  pp.  55-7:2),  in 
1  it  is  suggested  tnat  the  patchy  alteration  may  be  ascribed  to  the 
1  of  hot  springs.  Lenticular  ^rit-bands  and  quartz-veins  would  be 
likely  to  imprison  a  small  <iuantity  of  water,  which,  when  superheated 
;g  the  movements,  might  materially  facilitate  the  alteration  of  the 
unding  rock ;  V>ut  in  the  Isle  of  Man  no  evidence  was  observed  that 
«ted  the  flow  of  hot  water  through  the  strata  near  the  gametiferous 
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is  the  Dhoon  Granite,  the  western  edge  of  which  lies  over  two 
miles  distant  to  the  eastward.  The  two  following  slides  repre- 
sent the  altered  slate  of  Snaefell : — 

[E.  2413]  Altered  Slate :   small  quarry  ISOyds.  E.S.E.  of  Snaefell  Hotel ; 
about  1,450ft.  above  o.d. 

Micro,  A  black  contorted  fine-grained  schist  with  crj^tals  of 
garnet,  with  minute  needles  of  a  white  mineral  (?  ilmenite) ; 
the  garnets  are  perfect  rhombic  dodecahedra.  The  rock  is  a 
garnetiferous  mica-schistj  with  beautiful  but  irregular  strain- 
slip  cleavage  ;  it  consists  chiefly  of  the  usual  pale  mica, 
slightly  pleochroic,  in  wavy  folia,  separated  here  and  there  by 
lenticles  of  quartz,  varying  in  size,  and  generally  aggregated. 
There  can,  I  think,  be  no  doubt  that  this  is  secondary  and 
deposited  in  the  opening  lenticles.  (It  is  possible  some 
of  this  may  be  felspar,  but  the  mineral  is  much  too  small 
for  identification  :  tnere  is,  however,  a  tendency  for  it  to 
assume  oblong  and  prismatic  forms.)  The  knot-mineral  is 
always  garnet,  in  rhombic  dodecahedra  giving  hexagonal  sec- 
tions, and  eacn  garnet  is  associated  with  one  or  more  crystals 
of  chlorite.  The  strain-slip  ends  up  against  the  garnets.  The 
garnets  contain  long  needles  witn  parallel  extinction,  the 
nature  of  which  has  not  been  ^determined,  and.  the  interiors  of 
the  crystals  are  often  dusty.  The  ilmenite  needles  tend  to 
arrange  themselves  parallel  to  the  folia  as  far  as  possible,  but 
they  are  longer  than  the  bends  and  project  through  tnem. 
There  is  one  shredded  patch  of  grit  in  tnis  specimen. 

E.  2415.]  Striped  and  puckered  slate  :   roadside,  S.E.  side  of  Snaefell, 
1350ft.  above  o.d. 

Micro.  This  specimen  shows  alternate  bands  of  grit  and  slate  on 
its  outer  surface,  and  the  microscopic  slide  gives  an  excellent 
example  of  the  "  cleavage-foliation  "  of  Sorby.  The  strain-shp 
cleavage  runs  at  right  angles  to  the  stripe,  and  the  cleavage- 
planes  are  planes  of  foliation  marked  by  a  deposit  of  pale  brown 
mica.  Where  the  quartz-grains  are  large  enough  to  be  well 
seen  they  have  a  phacoidal  shape,  but  in  the  coarser  bands  the 
quartz  is  in  complex  grains  arranged  parallel  to  the  foliation. 
There  is  a  diversion  of  the  cleavage-planes  in  traversing  the 
grit  bands.    The  rock  is  a  raica-schist. 

A  good  example  of  the  patchy  mode  of  occurrence  of  garnets 
in  the  slate  is  anorded  in  a  small  cutting  on  the  electric-tramline 
on  the  south-west  shoulder  of  Snaefell,  about  900  yards  north- 
west of  the  hotel  on  the  high-road.  Dark  sheared  slate,  with 
steeply  inclined  bedding  crossed  by  a  nearly  horizontal  strain- 
slip  cleavage,  includes  a  band  of  hard  sandy  slate  an  inch  in 
thickness,  much  spotted  and  altered,  and  for  an  inch  on  both 
sides  of  this  band  the  slate  is  thickly  crowded  with  clear  red  gar- 
nets, up  to  \  inch  in  diameter.  Similar  garnets  are  plentiful  for 
about  6  inches  farther,  afterwards  becoming  gradiially  more 
thinly  scattered,  but  are  still  visible  on  the  north-west  side,  to  a 
distance  of  3  feet  from  the  central  band,  though  not  so  persistent 
on  the  opposite  side. 

[E.  2493.]  Oarnetifereus  Slate :  tramline  s.w.  side  of  Snaefell,  e.  of  b.m. 
1150'  0". 

Micro,  A  phyllite  with  garnets  often  of  a  good  shape :  a  little 
chlorite  often  developed  in  association  witt  the  garnets. 
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In  another  cutting,  where  the  tram  hne  rounds  the  northern 
shoulder  of  the  mountain  a  short  distance  below  the  summit, 
the  highly-sheared  slate  adjoining  a  discontinuous  quartz-vein 
contains  numerous  garnets,  up  to  about  J  inch  in  diameter :  and 
the  Siime  conditions  recur  around  the  outcrop  of  another  quartz- 
stringer  in  the  craggy  ground  J  mile  to  the  north-eastward.  The 
garnets  sometimes  show  signs  of  crushing,  though  their  growth 
was  evidently  later  than  the  principal  shear-movement. 

South-west  of  Snaefell,  on  the  southern  slopes  of  Beinn-)^- 
Phott  and  in  the  upper  reaches  of  the  Baldwin  River,  associated 
with  the  altered  slates  there  are  a  few  curiously  altered  sheared 
dykes  of  greenstone,  of  which  some  account  will  be  found  in 
dnap.  viii.,  p.  310. 

Farther  south-westward  again,  on  the  eastern  side  of  Grceba 
Mountain  not  far  below  the  summit,  a  remarkable  and  unusual 
change  is  exhibited  by  a  schistose  dyke  of  micro-granite,  which 
shows  a  new  development  of  garnet  and  chloritoid,  apparently 
as  the  result  of  the  regional  alteration  (p.  318). 

Still  following  the  same  direction  and  crossing  the  central 
valley  at  Greeba,  we  find  on  its  southern  slope  a  pronounced 
alteration  of  the  slates  interstratified  with  grits,  in  the  lower  part 
of  the  crags  of  Creg  y  Whuidliavi  (p.  168).  From  this  point 
southward  the  metamorphism  becomes  rapidly  intcnsifiea,  and 
expands  over  a  broader  area,  the  change  bemg  well  displayed  in 
the  stream-beds  of  Cooillivgill  and  Glion  Damujk.  Around  the 
heads  of  these  glens,  the  slate  has  been  metamorphosed  into  a 
knotted  micaceous  schist  studded  with  garnets  and  other 
minerals,  and  the  intnisive  'greenstone*  dykes  are  converted 
into  actinolite-schists  (p.  164). 

This  highly  altered  tract  stretches  southward  for  about  half  a 
mile,  to  the  crest  of  the  Archcdlcufan  rise,  where  it  is  exposed  in 
two  small  old  quarries ;  it  then  appears  to  fade  gradually  in  this 
direction,  and  to  merge  into  the  halo  of  less  conspicuously  altered 
slate  surrounding  the  Foxdale  Granite ;  but  this  portion  of  the 
tract  is  poorly  exposed.  Westward,  the  highly-altered  phase 
extends  tor  about  a  mile,  and  the  slates  then  revert  to  their 
nonnal  condition.  In  the  middle  of  the  tract,  at  the  head  of 
Glion  Darragh,  where  the  metamorphism  is  most  intense,  a  shaft 
of  the  old  Comelly  or  Townsend  lead  mine,  previously  referred  to, 
has  been  sunk  to  the  depth  of  840  feet.  At  the  deptli  of  between 
300  and  400  feet,  the  shaft  passed  out  of  the  altered  slate  into  a 
granitic  rock  closely  resembling  the  Foxdale  granite  (p.  315), 
and  the  lower  workings  appear  to  have  continued  at  the  edge  of 
an  irregidar  pipe  or  boss  of  the  intrusive  rock  down  to  the  bottom 
of  the  mine  (see  p.  516  for  details).  This  rock  is  not  visible  at  the 
surface,  and  it  is  only  from  the  accident  of  the  shaft-section  that 
we  discover  the  existence  of  any  massive  igneous  rock  nearer 
than  the  Foxdale  granite,  1  i  miles  distant,  though  the  interven- 
ing ground  is  traversed  by  several  small  dykes,  both  acid  and 
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basic  (p.  16'4).  The  presence  of  this  concealed  intrusion  and 
the  possibiUty  of  its  underground  extension  to  Foxditle  seem 
at  first  sight  sufficient  to  explain  the  metamorphism  of  the 
slates  at  the  surface,  but  there  are  several  considerations  which 
weigh  against  this  conclusion.  In  the  first  place,  if  the  altera- 
tion be  entirely  due  to  the  igneous  rock  it  is  curious  that  thei 
same  kind  of  alteration  should  not  be  found  in  the  sedimentary 
rocks  of  similar  composition  which  surround  the  outcrop  of  the 
Foxdale  Granite ;  furthermore,  the  same  tjrpe  of  mineral  change , 
somewhat  modified,  is  found  in  other  places  in  the  altered  belt, 
sometimes,  as  we  have  seen,  under  conditions  which  preclude 
the  possibility  of  a  buried  igneous  mass  within  an  appreciable 
deptn ;  and  again,  there  are  indications,  already  alluded^to,  that 
the  schistose  condition  was  attained  prior  to  the  intrusion  of  the 
granite.  With  this  statement  of  the  complicated  factors,  this 
problem  must  be  reserved  for  further  investigation. 

The  following  slides  will  show  the  structure  of  the  altered 
slates  of  this  area.  Some  of  the  altered  dyke-rocks  are  described 
in  Chap  .viii.,  p.  313. 

[E.  2668.]  Altered  slate  :  CooillingUl  stream,  100  yds.  above  b.m.  380'  8*. 

Micro.  Contorted  mica-schist  chiefly  consisting  of  small  flakes 
of  brown  and  white  mica  with  some  larger  crystals  of  brown 
mica  usually  set  at  right  angles  to  the  foliation. 

[E.  2666.]  Altered  slate  :  northernmost  old  quarry,  ArchaUagan. 

Micro.  Quartz-muscovite  schist  with  augen  of  cnamets  in  all 
stages  of  passage  into  tangles  of  chlorite.  This  specimen 
proves  that  the  round  and  hexagonal  tangles  of  chlorite  in 
other  slides  have  been  derived  from  garnets.  Also  large 
crystals  of  chlorite,  generally  arranged  parallel  to  foliation : 
a  smaller  amount  of  brown  mica. 

[E.  2669.]  Altered  slate ;  w.  branch  of  Glimi  Darragk^  N.  side  of  Arched- 
lagan. 

Mic7'o.  This  is  a  definite  augen-schist,  the  augen  being  of 
garnet,  sometimes  associated  with  crystals  of  brown  mica 
and  in  other  cases  of  brown  mica  alone  :  few  large  ehlorites. 
There  is  also  another  mineral  in  the  augen,  which  has  not 
been  determined. 

[E.  2894.]  Altered  rock  :  spoil-heap  of  Cornelly  Mine. 

Micro.  This  is  a  muscovite-schist,  well  foliated  and  consisting 
of  quartz,  felsj)ar  and  muscovite.  It  contains  numerous  large 
prismatic  crystals  of  chlorite  with  straight  sides  and  nu^eed 
ends,  set  sometimes  parallel  to,  and  at  other  times  at  alagh 
angle,  even  at  a  right  angle  with,  the  foliation.  There  are 
other  roundish  or  hexagonal  patches  of  matted  chlorite,  round 
which  there  are  augen  of  muscovite.  All  the  chlorite  contains 
minute  colourless  crystals  round  which  there  aie  pleochroic 
halos. 

In  another  slide  [E.  2673]  from  the  same  locality  as  the  last,  large 
garnets  w«re  still  recognisable,  though  "eaten  into"  by  quartz  and 
chlorite. 

Continuing  the  examination  of  the  altered  belt  south-west- 
ward, we  find  indications  in  the  southern  slopes  of  South  Bar- 
rule  of  its  persistence  at  the  same  stratigrapnical  horizon ;  and 
reach    anotlier  tract,  of  very    limited   extent,  in   which  the 
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metamorphism  is  conspicuously  intensified,  near  the  head  of 
the  Silverbum  valley,  2 J  miles  distant  from  the  nearest  outcrop 
of  the  Foxdale  Granite,  and  without  visible  association  with  any 
other  igneous  intrusion.  This  is  best  seen  in  the  gullies  at 
WJiaUag  and  Reaah,  near  the  Castletown  Waterworks  Keservoir, 
under  conditions  described  in  the  next  chapter  (p.  169).  The 
highly  altered  slate  is  here  associated  with  thick  Imnds  of  grit 
and  strinjB;s  of  vein-quartz,  and  the  mineral  change  is  most  pro- 
nounced m  the  immediate  vicinity  of  these  hard  masses,  where 
the  slate  is  most  crushed.  The  extent  of  the  change  may  be 
judged  frx)m  the  following  descriptions  of  slides : — 

[E.  2084.]  Altered    slate :    gully  at     Whallagy   adjoining  water  -  works 
reservoir. 

Macro,  A  crumpled  schist  ¥dt£  layers  of  granular  quartz 
separated  by  folia  of  white  mica  on  which  needles  of  schorl 
are  recognisable. 

Micro,  The  quartz-mosaic  is  made  of  grains  with^  rectilinear 
edges  in  contact  with  one  another  and  'without  any  intervening 
substance,  so  that  the  clastic  structure  must  be  secondary.  The 
folia  are  of  tourmaline,  bluish  brown  to  pale  yellow  m  tint. 
The  crjrstals  bend  round  the  curves,  and  at  the  summit  of 
the  latter  there  is  usually  a  development  of  coarse  quartz- 
mosaic.  Along  the  planes  of  much  movement  the  quartz  is 
laden  with  inclusions.    A  few  small  garnets  occur. 

[K  2085.]  Altered  slate  :  gully  at  Whallag^  n.e.  side  of  reservoir. 

Macro,  Crumpled  sericitic  quartzose  schist,  with  fewer  tourmal- 
ines. 

Micro,  Flattened  phacoidal  quartz  grains  set  in  layers  of 
muscovite  with  much  iron-ore  dust ;  in  other  layers,  a  brown 
fibrous  mineral  occurs,  which  is  not  isotropic  but  very  faintly 
pleochroic  and  passes  mto  an  opaque  brown  substance ;  schorl 
m  isolated  neecQes. 
[E.  2086.]  Altered  slate :  gully  at  Whallag,  40  yards  above  n.w.  comer  of 
reservoir. 

Macro,  A  dark  phyllite  dotted  with  what  look  like  rotted  pyrites 
and  a  little  very  fine  schorl. 

Micro,  Some  clear  layers  of  quartz  with  muscovite,  alternating 
with  layers  in  which  the  latter  mineral  is  associated  with  the 


brown  mineral  described  in 


2085] ;  in  these  are  knots  con- 


taining quartz  (and  possibly  felspar  ?) ;  scales  of  graphite  in 
plenty,  imparting  a  dark  colour  to  the  rock ;  a  few  tour- 
malines, but  no  garnets. 

[K  2087.]  Altered  slate :  bed  of  Silver  Bum  200  yards  below  top  dam, 
Cringle. 
Micro,  Dark  and  light  bands  fingering  into  one  another,  both 
made  of  close  quartz-mosaic,  dirty  with  inclusions  of  graphite- 
dust  ;  the  darker  layers  have  roos  and  plates  of  graphite  in 
quantity ;  biotite  in  crystals,  often  across  the  foliation  planes. 

To  the  west  of  the  Silverbum  Valley,  the  ground  across  which 
the  altered  belt  would  pass  if  prolonged,  is  much  obscured  by 
drift,  and  yields  no  further  information.  If  the  belt  extend 
to  the  western  coast,  it  may  occupy  the  great  precipices  north  of 
Fleshwick,  and  is  inaccessible  to  observation. 

In  reviewing  the  evidence,  it  is  noteworthy  that  the  greatest 
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degree  of  alteration  is  attained  where  the  planes  of  the  dominant 
"  shear-cleavage  "  are  flat  or  nearly  so,  which  again  sugs^ests  rela- 
tionship between  the  cleavage-proaucing  movementsandthe  meta- 
morphism.  It  will  be  observ^,  also,  on  examining  the  transverse 
sections  of  the  massif  given  on  Plate  II.  that  the  altered  belt 
lies  near  the  centre  of  the  synclmorial  trough,  where  the  rocb 
are  likely  to  have  been  buried  deepest  and  where  the  crumpliM[ 
and  packing  of  the  more  plastic  beds  has  been  most  mtense.  It 
is,  however,  likewise  the  case  that  the  central  zone  of  the  massif 
embraces  the  two  principal  intrusions  of  granite,  and  that  the 
dykes  connected  with  these  granites,  as  shown  in  the  sketch-map 
Fig.  29,  p.  84,  accompany  this  zone  throughout  the  island  and  are 
not  found  beyond  it.  itence,  while  the  metamorphism  cannot  be 
siitisfactorily  explained  by  the  intrusions  alone,  these  may 
nevertheless  have  played  their  part  in  raising  the  temperature  of 
the  rock-mass  and  bnnging  it  nearer  to  the  critical  stage.  But 
the  actual  re-crystalHzation  seems  to  have  been  in  some  way 
directly  dependent  upon  earth-movement 

Age  and  Correlation  of  the  Manx  Slate  Series. 

It  is  natural  that  an  attempt  should  have  been  made  to 
correlate  the  slate-rocks  of  the  Isle  of  Man  with  the  Skiddaw 
Slates  of  the  Lake  District,  their  nearest  analogues  in  geographi- 
cal position  and  in  lithological  character ;  but,  as  alreaay  pointed 
out,  the  basis  for  this  correlation  is  inconclusive,  especially  since 
the  supposed  identification  of  the  Borrowdale  Volcanic  Series  in 
the  Island  has  proved  unfounded  (p.  26). 

As  previously  mentioned  (p.  27),  I  have  myself  made  traverses 
of  the  Skiddaw  Slates  in  the  typical  exposures  on  the  mam- 
land,  in  the  hope  of  more  firmly  establisnin^  the  correlation ; 
but  beyond  a  general  resemblance,  such  as  might  exist  between 
any  two  tracts  of  Older  Palaeozoic  rocks  of  Uke  composition,  I 
failed  to  find  any  definite  points  of  similarity. 

Even  if  wc  allow  the  correlation  in  general  terms,  the  absence, 
so  far  as  is  known,  throughout  the  Island,  of  the  characteristic 
fauna  foimd  in  the  upper  portion  of  the  Skiddaw  Slates,  seems 
to  limit  the  possible  equivalents  of  the  Manx  Series  to  the  lower 
part  of  the  Skiddaw  group.  Our  knowledge  of  the  Skiddaw 
Slates  themselves,  and  especially  of  their  lower  portion,  is  still 
very  imperfect ;  and  in  fact,  as  with  the  Manx  Slates,  even  their 
order  of  superposition  has  not  been  conclusively  established. 
According  to  Mr.  J.  E.  Marr,  who  is  our  chief  authority  on 
the  subject,  the  beds  which  have  yielded  most  of  the  fossils 
appoiir  to  constitute  only  the  higher  portion  of  the  series,  and 
these  "arc  folded  in  boat-shaped  sjrnclines  amongst  what  is 
probably  a  very  much  greater  thickness  of  older  rocks,  the 
palaeontology  of  which  is  practically  unknown."^        This  upper- 

»  J.  E.  Marr,  "  Notes  on  the  Skiddaw  Slates,"  Geol  Ma^.,  dec  iv.,  vol.  i 
(1894),  pp.  122-130. 
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most   " giaptolite-bearing  portion  of  the   Skiddaw  Slates"  has 
been  provisionally  classined  by  Mr.  Marr  as  follows ; — 

'd.  Milbum  Beds  =  Uppermost  Arenig  or  Lower  Llan- 
deilo. 

c.  EUergill  Beds. 

(TJ^^T,withDidymograptvs  nanu9. 
6.  Tetragraptua  Bedsij^^^^ 

a.  Dichograptus  Beds. 
1.    Bryograptua  Beds  =  Tremadoc  Slates. 

Hence  if  we  accept  the  classification  which  includes  the 
Tremadoc  vdth  the  Upper  Cambrian,  even  the  upper  fossiliferous 

Eart  of  the  Skiddaw  Slates  ranges  downward  through  the  lowest 
orizons  of  the  Lower  Silurian  into  the  Upper  Cambrian,  with 
still  a  great  mass  of  underlying  strata  ot  higher  antiquity. 
Although  on  the  maps  of  the  Ueological  Survey  the  tracts  of 
Skiddaw  Slates  are  all  coloured  as  Lower  Silurian  from  lack 
of  any  practicable  means  of  differentiation,  we  find  that  Clifton 
Ward,  who  was  mainly  responsible  for  the  mapping,  fully  recog- 
nised their  downward  extension  into  the  Cambrian,'  and  m 
correlating  them  with  the  rocks  of  North  Wales,  proposed  the 
following  divisions* : — 

Arenig  Slatesl  T  r..i    . 

A       ./-••.    rLower  Silunan. 
Arenig  Gnt   J 

Tremadoc  Slatesl  ^      ,   . 
T.       ,    T^,  yCambnan. 

Lingula  Flags     J 

Similarly,  Prof  H.  A.  Nicholson,  though  at  first  considering 
the  Skiddaw  Slates  to  be  altogether  of  Lower  Llandcilo  age,' 
afterwards  placed  them  provisionally  in  the  Upper  Cambrian.* 

If,  theretore,  the  Manx  Slates  were  deposited  in  the  same 
basin  of  sedimentation  as  the  Skiddaw  Slates,  but  represent,  as 
appears  most  likely,  only  the  lower  portion  of  the  mainland- 
series,  they  can  scarcelv  be  newer  than  Upper  Cambrian.  On 
these  grounds  the  Camorian  colour  and  symbol,  with  a  mark  of 
interrogation,  have  been  adopted  for  them  on  the  published 
map ;  and  until  more  satisfactory  evidence  is  forthcoming  it  is 
scarcely  practicable  to  attempt  a  closer  definition  of  their  age. 

The  basis  for  a  comparison  of  the  Manx  Slates  with  the 


>  "  The  Geology  of  the  Northern  Part  of  the  English  Lake  District," 
Ifem.  Geol.  Survey,  p.  47. 

*  **On  the  physical  nistory  of  the  English  Lake  District,"  Geol.  Mag.,  dec. 
ii,  vol.  vi.  (1879X  p.  124. 

*  **  An  essay  on  the  Geology  of  Cumberiand  and  Westmorland."    London, 

1868. 

*  "  A  Manual  of  Palaeontology."    8vo.  Blackwood  i  Sons,  1872,  p.  513. 
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Uambrian  strata  of  North  Wales  and  of  the  east  of  Ireland  is 
even  slighter  than  for  the  Lake  District.  In  both  countries  the 
Cambrian  sediments  comprise  highly  disturbed  and  altered  slates, 
greywackes,  grits  and  quartzites ;  but  during  a  personjal  examin- 
ation of  some  of  the  Irish  sections  I  failea  to  find  any  salient 
points  of  resemblance,  and  am  not  aware  of  any  featiures  in  the 
Welsh  rocks  which,  in  the  absence  of  fossils,  would  funush 
definite  grounds  for  correlation  with  the  Manx  Series. 


Estimated  thickness  of  the  Manx  Slates. 

The  only  method  of  measuring  the  thickness  of  a  series  so 
greatly  disturbed  as  the  Manx  Slates  with  any  approach  to 
accuracy,  is  to  identify  the  component  strata  and  ootain  their 
thickness  separately  under  favourable  conditions — a  method 
which,  as  we  have  seen,  has  unfortunately  not  been  found 
practicable  in  this  case.  All  that  can  be  attempted,  therefore,  is 
to  give  some  idea  of  the  probable  relative  thickness  of  the 
different  divisions,  with  a  vague  estimate  of  the  possible  value  in 
figures. 

Commencing  with  what  we  have  taken  to  be  the  highest 
member  of  the  series : — the  Barrule  Skites,  in  spite  of  their 
extended  outcrop  and  great  depth  in  the  hills  of  the  centre  of 
the  Island,  may  originally  have  been  not  more  than  a  few 
hundred  feet  in  thickness,  though  now  packed  to  a  vertical 
thickness  of  not  less  than  2,000  feet  in  the  vicinity  of  the  Snaefell 
ridge. 

The  Agn^dsh  Orita  and  corresponding  belts  of  similar 
quartz-veined  grits  in  the  south  and  west  of  the  Island  are 
known  to  have  a  restricted  vertical  range,  even  where  their  out- 
crops are  wide  and  dips  steep.  The  strata  which  have  been 
crumpled  up  to  form  these  belts  need  not  originally  have  bewi 
more  than  100  feet  or  so  in  thickness. 

The  Lorucn  and  Niarhyl  Flags  and  the  banded  slates  of  the 
*  unseparated '  tracts  must  however  have  been  of  much  greater 
extent.  Their  diversity  of  composition,  their  downward  continua- 
tion, without  change  of  type  and  without  any  indication  of  a 
base,  to  over  1,500  feet  below  sea-level  in  the  Great  I^xey  Mine 
^see  p.  522),  and  the  deep  straight-limbed  character  of  the 
lolding  which  pervades  them,  seem  to  necessitate  great  original 
thickness ;  so  that  even  granting  the  most  persistent  repetition 
by  folding,  we  cannot  allow  less  than  a  thousand  feet  for  the 
initial  thickness  of  these  flags,  and  shall  most  likely  then  be 
considerably  under-estimating  them 

By  combining  these  estimates,  we  obtain  for  the  whole  series  a 
possible  minimum  original  thickness  of,  in  round  numbers,  from 
1,500  to  2,000  f^et,  with  the  probability  that  this  may  be  much 
below  the  truth. 
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Conditions  of  sedimentation. 

There  are  no  deposits  among  the  Manx  Slates  indicative  of 
}hore-conditions.  Even  their  sandy  portions  are  coniparativelv 
thinly  bedded ;  and  in  the  coarsest  grits,  viz.,  those  oi  St.  Ann  s 
Bead  and  vicinity,  the  larger  fragments  rarely  attain  a  diameter 
3f  more  than  a  quarter  of  an  inch.  The  series  appears  to  have 
been  deposited  in  a  sea  of  moderate  depth,  into  which  a  constant 
but  not  heavy  supply  of  sediment  was  swept  and  widely  dis- 
tributed by  currents. 

In  the  absence  from  these  rocks,  as  from  the  Skiddaw  Slates 
of  the  mainland,  of  any  known  base,  the  only  evidence  of  older 
formations  is  aflForded  by  the  small  worn  rock-fragments  in  the 
grits  and  flags.  These,  as  stated  in  the  petrograpnical  notes,  in- 
clude abundant  trains  of  vein-quartz,  some  fe£par  and  mica,  and 
a  few  reUcs  of  older  sedimentary  rocks,  including  fine-grained 
qiiartzite,  grey  wacke,  and  perhaps  slate,  with  occasional  fragments 
of  andesite.  Except  in  the  small  obscure  outcrop  of  tufifor 
brecciated  andesite  near  Dalby,  described  on  p.  163,  the  Manx 
Slates  appear  to  include  no  volcanic  material  beyond  the  above- 
mentioned  fragments  in  the  grits. 


Tectonic  Structure  of  the  Manx  Slate 

From  the  preceding  account,  it  will  be  understood  that  any 
attempt  to  explain  the  tectonic  arrangement  of  the  Manx  Slates 
must,  m  the  present  state  of  our  knowledge,  be  more  or  less 
hypothetical.  It  has  been  pointed  out  that,  instead  of  the 
supposed  anticUnal  structure,  deduced  by  previous  observers 
from  the  dominant  outward  dips  on  the  opposite  sides  of 
the  Island,  the  evidence  tends  as  a  whole  to  mdicate  that  the 
folded  belts  of  strata  sink  gradually,  though  irregularly,  towards 
the  interior  axis,  and  that  the  most  probable  structure  is  a 
compoimd  syncline  (*  synclinorimn '  of  Dana ;  *  exoclino '  of 
Lapworth ;  *  inverted  fan-structure '  of  Heim). 

On  a  small  scale  this  structure  is  readily  illustrated  by  laying 
a  few  leaves  of  paper  together  and  crumpling  the  sheet  into  a 
succession  of  small  sharp  folds,  and  then  luting  its  opposite 
sides  so  that  the  centre  forms  a  trough.  The  paper  m  this  model 
gives  a  dia^^m  of  a  sjmclinorium  such  as  mignt  occur  if  folding 
took  place  m  beds  of  slight  thickness,  which  were  free  to  move 
upwards  and  downwards.  But  if,  instead  of  a  few  leaves,  we 
take  a  pile  of  paper  several  inches  in  thickness,  and  seek  to 
make  a  similar  arrangement,  we  shall  find  the  task  of  producing 
a  system  of  isoclinal  folds  exceedingly  diflScult ;  and  a  corre- 
sponding difficulty  arises  when  we  attempt  to  draw  a  section 
to  represent  isoclmal  folding  in  strata  of  considerable  thickness, 
because  of  the  tendency  of  tne  crests  and  troughs  to  fill  in  and 
become  obUterated  both  upwards  and  downwards.  Hence  we  often 
find  that  in  diagrammatic  drawings  of  this  kind,  sharp  folding  is 
represented  in  only  a  few  thin  bantb  in  a  section  and  is  more  or  less 
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evaded  elsewhere.  Nevertheless  we  know  that,  in  nature,  foldlD| 
of  this  kind  prevails  throughout  great  masses  of  strata,  as  in  ^ 
case  of  the  Manx  Slates.  '  ■  '--'■ 

It  is  clear  that  where  tliick  series  of  rocks  are  pai^ 
together  in  closed  folds,  each  inclividual  fold  must  imdeM 
considerable  modification  of  character  along  its  vertical  An 
because  of  the  changing  stresses  in  diftbront  parts  of  the  Mi 
Thus  in  each  anticline  thoro  will  be  an  upper  portioQ'  fi 
which  the  strata  in  the  vicinity  of  the  crest  have  oeen  in  1 
state  of  tension  ;  and  an  under  portion  in  which  they  bat 
been  in  a  state  of  compression ;  whde  in  each  syncline  the  sat^ 

Ehenoniena  will  bo  exhibited  in  reverse  order.  Where  stretohlU 
as  predominated,  the  fold  will  be  simply  elongated  ;  but-  f 
the  area  of  compression,  subsidiary  plications  will  be  der'"^""' 
and     will    increase    in    relative    amplitude    as    their    " 

Fig.  32.     Ideal  section   through 
Slates. 


1.  Flags. 


distance  from  tlio  node  or  neutral  belt  of  the  governing  Sm 
increases.  With  the  growth  of  these  interpolated  folds,  'Sk 
comparative  importance  of  the  governing  fold  is  gnidtt^J 
dimniishcd  upwards  and  doivnwards,  until  eventually,  'ul'  I 
homogeneous  sequence,  some  member  of  the  subsidiary  order;^ 
turn  advanced  to  the  first  rank,  and  forms  the  centre  of  a  <M 
system.  Thus  in  each  fold  of  a  complex  system  there  inl 
he  a  medial  plane  at  which  the  fold  iittains  its  grerai 
individual  development,  and  atiove  and  below  which  it  te^ 
to  split  up  and  lose  its  identity.  •■'" 

In  a  heterogeneous  rock-sequence  isoclinally  folded,  it  i 
evident  that  the  medial  plane  of  the  principal  folds  wili  occifl 
in  the  rock-band  host  adapted  lithologically  to  form  ntadtCIt 
folds  under  the  given  stresses ;  and  the  folds  will  therefore  dft 
crease  in  amplitude  upwards  and  downwards  from  a  definfU 
horizon.  Tliese  are  the  principloa  which  I  bolicvo  to  hsTj 
guvomed  the    folding  of  the  Manx    Slate    Series.    TheT  jA 
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illustrated  in  the  above  theoretically-constructed  diagram  ot 
a  s3niclinoriuin,  which  I  have  taken  as  the  basis  of  my  interpret- 
ation of  the  tectonic  structure  of  the  central  massif  of  the 
Island. 

The  practical  application  of  this  hypothetical  diagram  is 
shown  in  the  three  transverse  sections  forming  Plate  II. 

These  sections  are  drawn  across  the  Island  at  right  angles  to 
the  strike  of  the  Slate  Series,  and  the  centre  of  the  synclinorium 
is  made  manifest  in  each  by  the  deep  infold  of  !^rrule  Slate 
under  the  highest  elevations  of  the  surfece.  The  igneous  dykes 
are  omitted,  as  they  are  too  numerous  and  too  small  to  show  on 
this  scale ;  and  the  Dhoon  Granite,  which  appears  in  Section 
No.  1,  is  the  only  large  intrusive  mass  traversed.  Section  No.  3 
crosses  the  basin  of  Lower  Carboniferous  rocks  of  the  south  of 
the  Island,  showing  their  position  in  regard  to  the  Manx  Slates. 

These  sections  will  be  found  to  incorporate  all  the  leading 
&cts  of  the  field-evidence  as  to  the  structure  and  general 
relationship  of  the  sub-divisions  of  the  Slate  Series  given  in 
the  foregomg  and  subsequent  pages. 
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CHAPTER  IV. 

DETAILEJ)   DESCRIPTION    OF   THE    MANX   SLATE 

SERIES  AND  THE  ACCOMPANYING  IGNEOUS 

ROCKS. 

Introduction. 


In  the  general  sketch  of  the  Manx  Slates  contained  in  the  foregcnnff 
pages  the  greater  part  of  the  local  information  in  regard  to  the  senes  and 
the  igneous  rocks  which  traverse  it^  which  was  acquired  daring  the 
prosecution  of  the  survey,  has  been  omitted.  It  isdesirsible,  however,  that 
this  should  be  placed  on  record  for  the  assistance  of  future  investi^ptorB 
working  in  the  same  field.  In  the  present  chapter,  therefore,  will  be 
given  all  such  topographical  details  relating  to  these  rocks  as  nave  not 
lound  place  in  the  preceding  chapter,  along  with  the  m^jor  portion  of  Uie 
information  regarding  the  igneous  rocks  of  the  Island.  As  these  detaili 
are  for  the  most  part  oased  on  working  notes  made  on  the  six-inches-to-the* 
mile  map,  many  place-names  will  be  mentioned  in  them  which  do  not 
appear  in  the  published  geological  map  on  the  one-inch  scale.  Such 
names  are  denoted  by  italics. 

For  convenience  of  local  reference,  the  area  to  be  described  will  be 
divided  into  three  districts : — Northern^  comprising  sheets  4  to  8  of  the 
six-inch  Ordnance  Map ;  Central,  comprising  six-inch  sheets,  9  to  14 ;  and 
Southern,  sheets  15  to  19.  These  districts  will  be  further  subdivided 
under  the  separate  headings  of, — first,  the  western  coast-line  of  each 
district;  next,  its  eastern  coast-line j  and  lastly,  its  interior,  keeping 
generally  the  order  and  limits  of  the  six-inch  maps,  but  transgressing  this 
order  in  favour  of  the  natural  phvsical  boimdaries  in  the  case  of  the  chief 
valleys  or  other  similarly  well-defined  features. 

Northern  Division. 

Western  Coast 

On  the  north-western  side  of  the  Island,  a  tapering  prolongation  of  the 
low-level  drift  platform  of  the  north  laps  tne  old  massif  for  several  miles 
farther  south  than  on  the  north-eastern  coast  and  has  evidently  once  been 
continuous  at  least  as  far  southward  as  Peel.  In  walking  in  calm  sunny 
weather  on  the  top  of  the  cliffs  between  Peel  and  Ballacamane,  although  we 
find  the  solid  rocks  are  now  exposed  down  to  low  tide,  we  may  frequently 
observe  indications  of  the  Pre-glacial  limits  of  the  Island,  in  the  sudden 
ending  oflf,  beneath  the  transparent  water,  of  the  rich  purple  patches  of  the 
weed-covered  rocks  against  the  delicate  green  tint  whicn  denotes  the  smooth 
sandy  bottom  where  the  drifts  make  the  foundations  of  the  sea-floor.  Near 
Qob  ny  Creggan  Glassev  this  line  of  demarcation  draws  shoreward  and 
passes  gradually  from  low- water  to  hieh-water  mark ;  and  from  this 
point  northward  Glacial  and  Post-glacial  deposits  form  the  whole  of  the 
cliff  and  foreshore  (see  sections,  Figs.  92  &  93,  p.  348),  but  are  being  rapidly 
stripped  away  by  the  continual  encroachment  of  the  sea  (p.  13). 

On  this  part  of  the  coast,  as  far  south  as  Peel,  the  Admiralty  Chart  shows 
that  the  sea  bottom  shelves  very  gradually,  the  10-fathom  contour  which 
farther  southward  lies  usuallv  wiUiin  a  few  hundred  yards  of  the  cliffiB, 
sweeping  out  here  to  seaward  for  a  distance  of  over  four  miles  from  the 
shore.  There  is,  however,  one  striking  break  in  the  uniformity  of  the 
floor,  where  the  "  Craig  Bock  "  of  the  chart  rises  suddenly,  from  a  platform 
having  a  depth  of  about  six  fathoms,  to  within  two  fathoms  of  the  surface, 
at  the  distance  of  1(  miles  from  the  coast  near  Qob  y  Deigan.  Any  evidenoe 
which  might  hereafter  be  obtainable  as  to  the  composition  of  this  rock 
would  be  of  great  interest  in  view  of  the  problems  connected  with  the  a^ 
and  relations  of  the  Peel  Sandstones    If  the  line  of  fault  which  brings  in 
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these  beds  is  prolonged  northward  beneath  the  sea,  with  the  direction  it 
I)ossesses  on  tne  foreshore  at  Wills  Strand,  its  course  must  lie  in  close 
proximity  to  the  Craig. 

The  chief  features  of  the  cliff-sections  between  Gob  ny  Creggan  QIassey  Coast 
and  Ballanayre    have  already  been    described    (pp.  67-69),  but    there  gouTH 
are  a  few  further  details  respecting  them  which  deserve  mention.    In  Kirk 
coming  south,  the  first  exposure  of   solid  rock  occurs  at  the  foot  of  Michakl. 
Glen  Beg,  a  little  ravine  cutting  back  from  the  cliff  across  a  narrow 
bench  of  drift ;  and  it  consists  of  dull  black  p^tous  slate  or  mudstone, 
approximating   to   the    Barrule   type,   containing   vermicular   markinfi:8 
probably  of  organic  origin,  and  some  curious  small  oval  black  phosphatic  (?) 
pebbles  or  concretions.    This  material  looks  promising  for  graptolites, 
and     though    none    have    yet    been    found,    it    might  repay  further 
search.      Striped  slates  wim   occasional   grit   bands,  much   contorted, 
and  fractured  both  horizontally  and  vertically  by  planes  of  movement, 
and  in  places  reduced  to  breccia,  then  occupy  the  cliff  and  shore  for 
about  a  mile,  with  some  alternations  of  the  muady  pyritous  slate. 

At  Glion  Thoavy  another  short  gully  cut  back  from  the  shore,  close 
to  the  old  'Camp'  marked  on  the  one-inch  map,  a  buried  vertical 
wall  of  slate,  about  30  feet  high,  is  revealed,  a^mst  which  the  drift 
is  banked  so  that  the  solid  feature  is  obliterated  at  the  surface.  This 
appears  to  represent  a  portion  of  a  Pre-glacial  buried  valley,  being 
probably  the  north  wall  of  an  old  water-channel  which,  like  the  existing 
stream,  has  notched^  the  coast-line  in  descending  to  the  ancient  shore 
at  this  point.  Within  the  next  600  yards  there  are  several  interrupted 
strips  ot  intrusive  igneous  material,  from  1  to  3  feet  wide,  among  the 
slates  of  the  cliff  and  shore,  representing  small  *  greenstone'  d^kes  of 
the  intermediate  type  (see  p.  300),  crushed  almost  out  of  recognition.  A 
larger  mass  of  similar  intrusive  rock,  much  crushed  around  the  ed^es 
ana  broken  by  faults,  forms  the  little  headland  on  the  northern  side 
of  Lady  Port,  and  at  least  six  more  intrusions  of  smaller  size  are  passed 
between  this  place  and  Gob  y  Deigan,  800  yards  farther  southward. 

The  promontory  of  Gk>b  y  Dei^n,  again,  is  composed  of  a  sheared  Gob  y 
or  faulted  mass  of^  somewhat  basic  igneous  rock,  and  from  this  point  Dkigan 
southward,  to  the^  incoming  of  the  Peel  Sandstones,  scarcely  any  section 
can  be  found  which  does  not  reveal  these  intrusive  dykes  in  one  form 
or  another.  Though  these  dykes,  as  already  stated  (p.  68).  have  clearly 
been  injected  after  the  brecciation,  they  have  been  impUcated  in  the 
la4;er  -  movements  to  such  an  extent  that  it  is  rarely  possible  to  trace 
t^em  for  more  than  a  few  yards  continuously,  or  to  custinguish  which 
of  successive  parallel  strips  are  separate  dykes  and  which  are  repetitions 
by  folding.  ^  The  thinner  strips  are  frequently  crushed  throughout  into  a 
palish  chloritic  schist  in  which  no  trace  of  igneous  structure  is  preserved, 
while,  when  the  dyke  is  thicker,  its  edges  alone  are  sometimes  frayed 
out,  as  shown  in  Fig.  33  on  the  following  page. 

The  course  of  the  similar  dykes  in  most  parts  of  the  Island  usually 
coincides  with  the  strike  of  the  dominant  cleavage,  i.e.,  E.N.E.  to  W.S.W. ; 
but  in  this  district,  while  a  few  follow  this  direction,  the  majority 
run  at  about  right  angles  to  it,  or  N.N.W.  to  S.S.E.  In  sections 
farther  south  there  are  indications  that  the  dykes  which  exhibit  the 
N.N.W.  strike  may  be  of  somewhat  newer  date  than  those  striking  with 
the  cleavage;  but  no  evidence  of  this  kind  seems  forthcoming  in  the 
above-described  examples. 

On  the  shore  of  the  bay  south  of  Qoh  y  Deigan  (Lhtanriag  of  the 
G-inch  map)  some  crumpled  patches  of  pale  green  slate  are  revealed, 
amone  darker  striped  slates  of  the  usual  type.  Similar  small  outcrops 
of  {MJe  slate  of  greenish  tint  will  be  subsequently  noticed  in  other 
parts  of  ^e  Island.  It  is  possible  that  these  may  denote  a  definite 
norizon ;  but  no  evidence  has  yet  been  found  to  connect  these  widely 
separate  and  im  persistent  outcrops.  They  may,  indeed,  indicate  only 
the  final  stage  in  the  crushing  and  disintegration  of  igneous  material; 
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uid  the  aroear&nce  of  laminar  bedding  whicli  the^  present  may  be  merely 
secondary  nuxion-stripe  of  the  character  illustrated  in  Fig.  27,  p^  82. 

Xortli  of  Ballanayre  Strand,  in  the  Krand  Rectione  of  the  cmah- 
oonglomerate  already  described  (pp.  68-9),  double  cleavage^tructaie  is  in 
places  admirably  diiiplAjrod,  schistose  planes  dipping  N.N.W.  at  40°  being 
cros-sed  by  a  second  fiiuiility  in  the  aanie  direction  but  at  a  much  lower 
angle,  varying  from  noarly  flat  to  15°.  Crushed  quartz-Teina  of  about  Uie 
Bamo  age  as  the  dykes,  or  a  tittle  later,  arc  very  abundant  in  these  secdtKU. 

In  tha  finer-grained  bands  of  the  supposed  Niarbyl  Flags  of  Ballanayre 
Strand  (a  38,  and  Fig.  13),  there  is  a  rather  strongly  marked  eleanfn 
dipping  N.  10  W.  at  20",  and  an  attempt  has  been  made  on  a  small  scale  to 
open  a  slate  quarry  in  these  beds  at  the  northern  comer  of  th«  buy.  Hie 
bnlta  which  cut  the  flags  in  this  vicinity  seem  to  be  later  than  all  the 
crushing. 

Certain  pale  dykes,  of  the  intermediate  type  (p.  100),  which  traverBB  tlie 
unbroken  slates  as  well  as  the  crush -conglomerate,  between  Ballani^n 

Fig.  33.    Sectum  at   base   of  cliff  on   south   side  </ 
Gc^  y  Deigan, 


^- 


B°*  Crushed  and  torn  greenstone  dyke  traTeised  by  qnaiti  strings. 
Thickness  about  4  feet 


and  Qob  y  Sked-diin,  appear  to  be  folded  (sec  Fig.  14,  p.  €9),  besides  bwig 
frayed  out  at  the  margnis  and  dislocated  at  short  intervals.  The  severi^ 
of  the  later  crushing  in  this  locality  ia  probably  due  to  the  proximity  M 
the  hard  mass  of  diabase  seen  in  the  cliff  in  several  places  between  Co6  y 
Sktddan  and  Wills  Strand,  the  less  resistant  strata  having  been  buckled  up 
agaiuBt  it.  This  mEiss  ia  itself  torn  by  faults  and  much  altered  around  the 
margin,  while  its  interior,  which  is  well  displayed  for  about  100  yards 
in  the  headl^ind  north  oi  Wills  Strand,  is  uncrushed  and  so  petrogtap^caUy 
distinct  from  its  edges  that  it  has  been  (Questioned  whether  iJiere  may 
not  here  be  a  combination  of  intrusions  of  different  dat&  though,  ao  far  u 
can  be  judged  from  the  field  evidence,  there  is  a  gradnal  puaag*  from  the . 
cmahed  to  the  uucrusbed  rock-types. 

A  thin  strip  of  somewhat  decomposed  alate  intervenes  on  the  north  shore 
of  Wills  Strand  between  the  diaiiase  above  described  and  the  fault  which . 
brings  in  the  Peel  Sandstone.  Further  details  of  this  locality  and  of  the 
sandstone  cliffs  to  the  southward  will  be  found  in  Chapter  VL  (p.  S7S), 
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Eastern  Coast  of  the  Horfhem  Area. 

On  the  north-eastern  coast,  the  solid  rocks  set  in  suddenly  near  Ramsey, 
200  yards  south  of  the  ravine  at  BalUire,  in  an  interesting  section  elsewhere  Coast 
descnbed  and  figured  (see  p.  346,  Fig.  91).    Here,  even  more  strikingly  than  south  of 
on  the  western  coast,  the  outline  of  the  Pre-glacial  cliff  may  still  be  traced.  Ramsey. 
For  over  half  a  naile  the  recent  rock-shelf  extends  only  40  or  50  yards  out- 
ward from  the  cliffy  and  the  remainder  of  the  broad  foreshore  is  underlain 
by  red  boulder-clay,  revealed  only  when  the  sandy  beach  is  swept  aside  by 
tii$  waves.  This  boulder-clay  evidently  hides  a  Pre-glacial  tidal  platform,  of 
somewhat  lower  level  than  that  of  to-day  |  it  extends  at  low  tide  from 
Ramsey  to  Port  Lewa^pie,  and  though  there  interrupted  by  the  steep  rocky 
shore  of  Tableland  Pomt  (Grob  ny  Kona  of  the  revised  Ordnance  Map),  is 
seen  again  at  low  tide  on  the  foreshore  of  Port  e  Myllin,  600  yards  fartner 

east. 

• 

With  the  exception  of  the  narrow  faulted  strip  of  crush-conglomerate 
mentioned  on  a  previous  |)age  (p.  66X  the  solid  rocks,  for  the  first  600  or 
700  yards,  consist  of  ferruginous  dark  blue  or  blackish  slates  of  the  Barrule 
type,  exhibiting  a  faint  much-disturbed  colour-banding  where  washed 
smooth  by  the  sea,  but  with  the  cleavage  -  structure  dominant  on 
sabaeriallv  weathered  surfaces.  This  slate  has  been  quarried  on  a 
small  scale  in  the  cliff  500  yards  west  of  Port  Lewaigue.  Thin  crushed  Port 
strips  of  an  intrusive  '  greenstone '  are  visible  here  and  there  on  the  fore-  Lewaiqui 
shore  about  400  yards  from  the  commencement  of  the  rock-sections ;  and 
in  approaching  Port  Lewaigue  a  larger  belt  of  similar  but  more  massive 
greenstone  is  encountered,  apparently  bounded  on  the  north  by  a  strike-fault, 
and  on  the  south  merging,  tnrough  nssile  schist,  into  pale  smooth  greenish 
slate  resembling  that  noticed  at  Ballanayre  (p.  319).  Associated  with  this 
pale  slate  are  some  narrow  strips,  a  foot  or  less  in  width,  of  a  pale  greenish 
sheared  i^eous  rock,  presentiiig  a  somewhat  vesicular  aspect,  i^m  the 
decomposition  of  a  porphyritic  constituent  which  has  been  dragged  out  into 
lenticles  (see  p.  319).  The  same  combination  of  rocks  is  again  seen  on 
the  eastern  side  of  Port  Lewaigue,  where  it  is  twice  or  thrice  repeated  by 
folding  or  faulting  within  the  space  of  150  yards ;  while  at  Tableland  Point 
the  massive  greenstone  is  repeated,  and  forms  the  whole  of  the  low  rocky 
cliff. 

The  Carrick^  an  isolated  reef  400  yards  N.W.  of  Tableland  Point, 
submerged  at  mgh  tide,  but  at  low  water  having  an  extent  of  50  yards  by 
about  35  yards,  is  composed  throughout  of  a  massive  tough  palish  grey 
rock  weathering  with  a  brownish  surface,  which  possesses  no  distinctive 
cha^racter  to  denote  its  origin  even  when  sliced  and  examined  microscopi- 
cally, but  is  probably  an  igneous  intrusion  decomposed  and  rendered 
structureless  by  shearing. 

The  cliffs  on  the  eastern  side  of  Tableland  Point  exhibit  several  fault- 
like fractures  parallel  to  the  cleavage,  which  seem  to  be  the  prolongation 
of  those  seen  on  the  shores  of  Port  Lewaigue.  The  rocks  are  greatly 
shattered,  confused,  and  traversed  by  quartz- veins  in  the  vicinity  of  these 
planes ;  but  strips  of  the  pale  slate,  and  of  the  associated  vesicular-looking 
dyke,  are  again  recognisable,  along  with  a  broader  '  greenstone '  dyke  which 
appears  to  have  been  sharply  folded.  On  entering  the  little  bay  of  Port  e  Port  k 
Myllin  from  the  west,  we  find  dark  striped  slates,  beautifully  crumpled  and  Mylun  c 
crossed  by  the  dominant  shear-cleavage,  with  small  pyritous  nodules  lying  Vutllim. 
in  the  shear-planes.  These  slates  are  traversed  by  a  dyke  of  basic  rock 
3  feet  wide,  which  is  scarcely  at  all  sheared,  and  seems  to  be  of  newer  date 
than  the  migority  of  the  intrusions  (see  p.  320).  Eighty  yards  farther 
soath,  a  sharp  boundary,  probably  a  fault  or  thrust-plane,  bnngs  in  a  pale 
felspathic  mass  of  peculiar  character,  which  may  originally  have  been  an 
elvan,  bat  is  now  sheared  beyond  recognition.  This  extends  in  the  low  cliff 
for  150  yards,  into  the  middle  of  the  hay,  and  there  suddenly  terminates. 
On  the  foreshore  the  felsitic  mass  is  traversed,  as  shown  in  the  following, 
figure,  by  narrow  later  basic  intrusions  of  two  different  ages,  one  of  which 
has  participated  in  the  shearing  and  has  been  reduced  to  a  schist,  while 
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the  other  is  an  unsheared  dyke  of  the  newer  greenstone  type,  likethat 
above  described.  This  exposure  will  be  further  discussed  in  Cnapter  VllL 
(p.  319). 

On  the  eastern  side  of  Port  e  Myllin  we  reach  the  edge  of  a  tract 
occupied  by  a  firmer  type  of  slaty  rock,  composed  of  alternating  bands 
of  dark  blue  argillaceous  and  pale  grey  somewhat  arenaceous  material,  with 
thin  layers  of  nard  grit  at  fre(|uent  intervals.  At  first  sight  these  rocks 
seem  to  be  regularly  bedded,  with  a  steady  dip  of  about  45*  towards  N.  16 
W. ;  but  on  nearer  inspection  the  true  structure  is  found  to  be  a  cloeely 
packed  series  of  isoclinal  folds,  partly  obscured  by  fluxion-planes  parallel 
to  the  limbs,  and  partly  by  a  later  strain-slip  cleavage  having  the  same 
strike  as  the  strata  but  dipping  at  a  lower  angle. 

Fig.  34.     Ground-plan  of  portion  qf  foreshore  in  Port 
e  Myllin,  near  Ramsey,  showing  igneous  complex. 

14  feet  X  10  feet. 


B'^-  *  Newer  Greenstone'  dyke,  yellowish-brown  in  colour,  uncrushed, 
4  feet  thick;  traversing  F  and  intersecting  B  . 

B°-  *  Older  Greenstone'  dyke,  spotted  yellowish-green,  3  to  6  inches 
thick,  traversing  F ;  greatly  shearea  and  pinched,  especially  to  the  east 
ward  of  B^. 

F.  Crushed  felsitic  mass,  pale  greenish-gray  colour,  intensely  sheared 
and  full  of  criss-cross  quartz-strings. 

These  banded  slates  are  apparently  the  passage  beds  between  the  Barrule 
Slates  and  the  Agneash  Grits,  and  they  extend,  with  certain  variations  to 
be  noted  below,  from  Port  e  Myllin  to  Maughold  Head,  a  distance  of  \\ 
miles,  being  well  displayed  in  the  clifl*s  and  also  in  tne  craggy  grouna 
above,  where  they  have  been  rather  extensively  quarried.  In  the  first  mile 
of  this  ti-act  dykes  are  exceptionallv  rare,  and  those  which  do  occur  are 
small  and  featureless  and  do  not  call  for  special  comment.  There  is  an  old 
lead  trial  at  Gob  Ago,  the  eastern  boundary  of  Port  e  Myllin,  on  which 
lai^e  sums  of  money  were  expended  without  result  (see  p.  649). 

In  approaching  the  rock-pinnacle  of  Stack  Mooar,  halfa  mile  east  of  G6h 
Ago,  the  slates  become  more  sandv  and  flaggy,  and  much  interpenetrated 
by  quartz- veins.    Just  before  reaching  the  Stack,  a  massive  bana  of  grit  or 
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quartzite.  6  feet  thick  is  encountered,  and  is  probably  seen  again,  on  tlie 
same  strike,  in  a  field  above  the  cliff,  opposite  Ballaterson  West,  south 
of  the  slate  quarries;  but,  as  usual  with  beds  of  this  character,  its 
continuity  between  these  places  is  doubtful. 

The  Stack  is  separated  from  the  cliff  by  a  prolongation  of  the  Maughold  Maugholi 
hematite  lode,  which  in  this  locality  is  a  conspicuous  mass  of  vein-stuff  Head. 

i quartz,  disturbed  slate,  fault-breccia,  etc.,  with  cavities  containing 
lematite  but  not  in  profitable  quantity)  in  places  40  feet  wide,  striking 
nearly  N.W.,  and  inclined  75"  towards  N.E.  As  a  surface-exhibition 
of  a  mineral  lode,  this  section  is  second  only  in  attractiveness  to  that 
at  Bradda  Head  in  the  south-west  of  the  Island  (p.  540). 

The  breadth  and  character  of  this  lode  migiit  be  taken  to  imply  the 
presence  of  an  important  fault ;  yet  it  seems  to  be  without  effect  upon 
the  stratigraphy,  except  that  to  the  eastward  the  slates  again  become,  for 
a  space,  somewnat  less  sandy.  The  vividly  striped  slates  which  occupy 
the  cliflf  200  to  300  yards  farther  east  have  been  so  welded  together  by 
the  shearing  they  have  undergone,  that  they  can  be  raised  in  large  fibrous 
blocks,  with  faces  determined  mainly  by  the  strain-slip  cleavages;  and 
in  these  rocks  some  quarrying  has  been  done  on  the  foreshore.  In  this 
vicinity,  the  first  of  a  set  of  microgranitic  dykes  is  seen  in  the  cliff : — ^in 
aspect,  a  light-coloured  close-textured  band,  3  to  5  feet  thick,  scarcely 
distinguishable  from  quartzite,  agreeing  in  strike  and  dip  with  the 
dominant  cleavage-  and  bedding-planes.  A  second  example — or  possibly 
tiie  first  repeated,  since  the  clin  is  intersected  at  intervals  by  fractures 
which  may  be  overthrusts  or  strike-faults — is  exposed  450  yards  farther 
east :  and  others,  of  greater  breadth,  between  200  and  300  yards  to  the 
southward  of  Cor  Stack.  The  most  typical  dyke  of  the  group,  however, 
is  an  example  12  feet  in  thickness,  revealed  in  Gob  ny  Skey.  800  yards 
south  of  Cor  Stack  and  close  to  the  extremity  of  Maughold  Head.  The 
general  petrographical  description  of  these  dykes  will  be  found  on  p.  314  : 
they  are  characterised  by  the  presence  of  small  porphyritic  grains  of 
bluish  quartz  in  a  ground-mass  of  minute  microgranite  :  and  from  their 
connection  with  others  farther  south  we  know  them  to  be  offshoots  from 
the  Dhoon  Granite. 

Cor  Stack  is  another  rock-pinnacle  resulting  from  the  scour  of  the  sea 
upon  the  crushed  rock  in  line  of  fracture  which  in  this  case  strikes  N.  10  W. 
Tiiese  outstanding  rock  masses  are  ccmimon  on  every  part  of  the  eastern 
coast,  sometimes  still  united  to  the  cliff  by  a  tunnelled  neck,  and  sometimes 
completely  separated  from  it.  In  many  instances  their  development 
appears  to  date  back  to  the  period  of  the  Raised  Beach.  On  the  western 
coast  they  are  less  numerous. 

Between  Maughold  Head  and  Clay  Head,  joints  and  fractures  wide 
enough  to  contain  vein-stuff  and  fault-breccia  are  frequently  stained  deeply 
by  hematite^  the  discoloration  sometimes  extending  irregularly  a  little  way 
into  the  adjacent  slates,  and  in  several  places  trial  adits  have  been  driven 
along  them  in  search  of  this  icon  ore,  sometimes  with  some  measure  of 
success  (pp.  540-1^.  This  peculiarity  appears  to  be  confined  to  the  north- 
eastern portion  ot  the  Island.  It  has,  with  rea.«on,  l^een  suggested,*  from 
the  conditions  of  occurrence  of  hematite  among  the  Skiddaw  Slates  of  the 
Lake  District,  that  New  Red  rocks  have  once  overlapped  upon  the  Manx 
Slates  in  this  area ;  and  the  subsequent  discovery  of  Triassic  and  Permian 
strata  beneath  the  northern  plain  of  the  Island  has  lent  strength  to  the 
supposition  (see  Chap.  VII.). 

Tne  thin  grit-bands,  which  reappear  in  greater  number  among  the  strongly 
striped  slates  between  Cor  Stack  and  Gob  ny  Skey,^  are  extraordinarily 

*  See  chapter  on  Geology  in  Jenkinson's  Practical  Guide  to  the  Isle  of 
Man,  Lond.,  1874. 

*It  may  here  be  noted  that  the  shore  may  be  reached  by  a  rather 
difficult  path  near  Stack  Mooar,  riving  access,  at  low  water,  to  the  rugged 
coast  for  some  distance  eastward  and  westward ;  but  between  Cor  Stack 
and  Maughold  Head  the  cliffs  aJe  practically  inaccessible  except  by  boat  in 
favourable  weather. 
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crumpled  upon  themselves,  the  tremendous  inpacking  and  foreshorteni]^ 
which  the  rocks  have  undergone  being  thereby  beautifully  demonstratea 
Under  such  conditions,  the  estimate  which  has  been  made  of  their  original 
thickness  by  calculation  from  the  dip  and  breadth  of  outcrop  is,  of  course, 
without  value.* 

In  Traie  Cum^  the  little  beach  between  Gob  ny  Shey  and  Qob  ny  Strona 
the  most  easterly  i>oint  of  the  headland,  the  crumpling  of  tiie  rocu  passes 
in  limited  patches  into  true  brecciation.  though  not  quite  of  the  '  croan-eon- 
glomerate '  type.  The  structure  is  no  douot  due  to  the  prozimi^  <^  the  Agneash 
Grits,  which  occupy  the  upper  portion  of  the  high  cliiff  on  tne  8oath€Hii  dde 
of  tho  recess,  while  the  lower  part  b  composed  of  grey  striped  flags  with 
thin  layers  of  grit  or  quartzite.  Even  although  thus  exposed  in  a  great 
cliff-section,  the  complicated  folding  renders  the  exact  cnaracter  of  this 
junction  doubtful,  but  we  may  suspect  that  a  block  of  the  ideated  grit 
has  been  broken  from  the  main  mass  and  overthrust  upon  the  miga. 

A  vein  of  fault-breccia,  stained  with  hematite,  strikes  into  the  cliff  S.  by 
W.  across  Traie  Cum,  but  has  not  been  identified  on  the  opposite  side  of 
the  headland.  In  T)nie  ny  FoUlan^on  the  southern  side  of  Gob  nv  Strona, 
indications  of  copper  were  found  in  a  small  fracture  partly  filled  with 
dolomite  like  many  of  the  crevices  in  this  neighbourhood,  and  a  level  hiR 
been  driven  along  it  north-westward  into  the  cliff  (see  p.  648). 

A  few  small  crushed  strips  of  the  *  older  greenstone '  tyjpe  of  dvke  oocor 
in  the  sections  between  Traie  Cw*n  and  Traie  ny  Foulany  which  may 
possibly  be  repeated  exposures  of  the  same  intrusion. 

At  bhyriuiTie,  of  the  six-inch  Ordnance  map,^  a  small  inlet  500  yards 
west  of  (jrob  ny  Strona,  we  encounter  the' most  northerly  example  of  an 
olivine-dolerite  intrusion  on  the  coast.  Ihis  type,  constituting  the  newest 
dyke-rocks  of  the  Island,  is  supposed  to  be  of  Tertiary  age  (see  p.  327).  ITie 
dyke  is  in  places  three  feet  wide,  but  shows  a  tendency,  frequent  in  these 
dykes,  to  split  into  branches.  Though  a  comparatively  mAk  and  aoond 
rock  on  the  beach,  it  ajnicars  to  have  been  decomposed  in  the  cliff  to  a 
brown  earth,  which  has  ocen  mined,  along  with  the  adjacent  stained  and 
rotten  slate,  as  umber  by  means  of  a  level  (see  p.  556). 

Wherever  seen,  with  the  rarest  exceptions,  these  olivine-dolerite  dj^es 
strike  from  points  between  south  and  east  to  points  between  north  and 
west,  their  average  direction  being  north-westerly  (see  List,  p.  329). 
Hence  their  course  cuts  that  of  the  Pre-Carboniferous  greenstones  almost 
at  right  angles  ;  and  cases  of  the  intersection  of  the  older  by  the  newer 
dykes  are  not  unusual.  An  example  of  this  relationship  is  afforded  in  the 
low  cliff  bordering  Dhyrnane  on  the  west,  where  the  dolerite  cuts  a  dyke, 
three  feet  in  width,  of  the  older  tyjw.  One  hundred  yards  farther  south 
another  olivine-dolerite  intrusion,  similar  to  the  last,  is  exposed  on  the 
foreshore.  Between  this  place  and  Port  Mooar  the  rocks  (Lonan  Flags) 
assume  the  flaggy  character  which  prevails  thenceforward  alon^  die  whole 
of  the  eastern  coast  of  the  Island.  They  consist  of  thinly  laminated  grey 
and  blue  slate  and  fine  arenaceous  mudstone  in  places  containing  nodules, 
with  occasional  thicker  bands  of  more  sandy  character. 

The  cliflf-sections  in  this  neighbourhood  touch  the  belt  of  alteration 
described  in  the  last  chapter,  and  we  consequently  find  that  thin  sb^ 
layers  between  harder  banas  are  frequently  speckled  with  minute  secondary 
mmerals,  apparently  the  result  of  dynamo-metamorphism  (see  p.  lOOX  ^ 
this  vicinity,  also,  we  cross  the  structural  anticline,  and  the  hitherto  domi- 
nant north-north-westerly  dips  of  the  combined  bedding  and  cleavage  give 
place,  after  some  vacillation,  to  the  south-south-easterly  dips  of  the  opposite 
side  of  the  axis.  In  the  transitional  belt  the  dominant  cleavages,  tnoo^ 
very  irregular  and  comolicated  bv  faint  cro3s-fissility,  are  frequently  flat 
or  nearly  so  ;  and  the  hedding  planes  also  often  assume  a  comparatively 


*  See  Bolton,  Rep.  British  As-soc,  1893,  p.  770. 

'  According  to  information  gathered  from  the  miners,  this  name  is  affixed 
to  the  wrong  inlet  on  the  six-inch  map  :  Dj/rnanfi,  as  known  to  the  miners, 
is  200  yards  farther  south,  where  the    Dyrnane  level "  enters  the  cliff. 
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low  dip,  though,  as  described  and  figured  in  the  previous  chapter  (p.  32, 
Fig.  2),  this  appears,  in  some  places,  to  be  due  to  the  presence  of  recumbent 
folds. 

The  foreshore  between  Dhymane  and  Port  Mooar  is  cut  by  several 
approximately  parallel  north-west  or  north-north-west  fractures,  filled  with 
breccia  and  vein-stuff,  including  calcite,  dolomite,  chalybite,  hematite, 
quartz,  eta  The  largest  of  these  constitutes  the  Dymane  Lode,  which  has 
been  extensively  worked  for  hematite  by  a  level  from  the  shore  and  a  shaft 
in  the  field  above  (see  p.  540).  Copper-staining  was  noticed  along  two  of 
the  smaller  crevices. 

Some  of  these  fractures  certainly  denote  faulting,  as  the^  displace  a  set 
of  the  older  greenstone  dykes,  five  or  more  in  number,  which  traverse  the 
broad  foreshore  to  the  eastward  of  Port  Mooar  in  a  direction  nearly  at  right 
angles  to  the  fractures.  The  interruption  to  the  westerly  inland  course 
of  the  grits  of  Maughold  Head,  already  commented  on,  may  be  caused  by 
the  cumulative  effect  of  these  faults,  or  by  a  master-fault  concealed  in  Port 
Mooar,  of  which  these  may  be  the  concomitants.  However,  no  marked 
stratigraphical  effect  has  been  detected  in  the  coast  sections,  where  there 
is  no  greater  change  in  the  character  of  the  rocks  than  might  well  be  attri- 
buted to  folding.  . 

In  entering  Port  Mooar  from  the  east,  we  find  a  broad  rocky  foreshore  of  Port 
thickish  grey  flags  with  blue  slaty  partings  (Lonan  Flags),  thrown  into  a  Mooar. 
succession  of  low  folds,  with  gentle  dips  and  boat-shaped  crests,  and  this 
arrangement  is  continued  on  the  opposite  side  of  the  bay.  The  intervening 
apace,  though  dry  at  low  water,  is  much  obscured  by  boulder  clay  and  sea- 
weed, but  enough  can  be  seen  to  show  that  it  is  occupied  by  folded  flags, 
probably  broken  by  fractures  similar  to  those  already  described,  and 
traversed  at  about  half-tide  level  by  a  small  greenstone  dyke  rendered 
schistose  by  pressure. 

In  the  interior  of  the  bay  a  narrow  lining  of  Raised  Beach  is  preserved, 
which  tapers  out  southwards,  and  a  little  beyond  its  termination  the  fore- 
shore reveals  an  olivine-dolerite  dyke,  nine  feet  in  width,  which  accom- 
panies a  fissure  filled  with  brecciated  rock  stained  with  hematite.  No 
turther  example  of  this  type  of  intrusion  is  known  until  we  reach  Laxey 
Bay.  over  six  miles  to  the  southward. 

The  thick  hard  flags  constituting  this  part  of  the  coast  are  also  tra- 
versed, on  the  upper  part  of  the  shore,  200  yards  south  of  the  olivine- 
dolerite,  by  a  dyke  of  rather  handsome  porphyritic  elvan  of  the  Dhoon 
type,  8  to  12  feet  wide,  which  appears  to  be  pinched  out  before  reaching 
low  water. 

farther  southward  the  folds  into  which  the  flags  are  thrown  become  more 
acute,  especially  in  the  more  thinly  bedded  rocks,  until  the  planes  of 
stratification  stand  nearly  vertical ;  and  from  this  we  p»ass  to  sections  in 
which  the  limbs  of  the  folds  gradually  assume  the  isoclinal  tendency 
towards  S.S.K  which  characterise  the  rocks  of  the  eastern  flajik  of 
the  Island. 

On  the  northern  approach  to  Gk)b  ny  Garvain,  a  group  of  seven  or  more  Gob  ny 
small  sheared  dykes  (or  perhaps  a  less  number  folded)  of  the  older  green-  Garvain. 
stone  type,  striking  nearly  east  and  west,  is  visible  in  the  cliff.  The  nead- 
land  itself  is  traversed  by  an  intrusion  of  porphyritic  microgranite,  8  feet 
thick,  resembling  the  previously  described  example.  In  this  locality  some  of 
the  thinner  flags  are  thickly  marked  with  the  *  ralseochorda '  worm-castings 
Two  hundred  yards  south  of  Gob  ny  Garvain,  three  or  more  small  dykes  of 
ffreenstone  which  are  exposed  on  the  crest  of  a  broad  anticlinal  fold  of  the 
nags,  instead  of  having  the  usual  E.^.E.  course,  strike  approximately  north- 
westward. Similar  instances  of  divergence  of  these  intrusions  from  their 
usual  direction  while  crossing  the  crest**  of  folds  have  been  observed  in 
other  parts  of  the  Island.  The  dykes  of  this  type  rarely  exceed  3  feet  in 
thickness,  but  560  yards  south  of  Gob  ny  Garvain  there  occurs  an  example 
having  the  unusual  breadth  of  25  feet ;  it  has  somewhat  baked  and  altered 
the  flags  immediately  contiguous  to  it.  In  the  gully  adjacent  to  this  dyke, 
at  the  spot  marked  "  Irrm  Mine "  on  the  6-inch  map  (iSheet  8)^  a  short 
level  has  been  driven   along  one  of  the  iron-stained  fractures  which  occur 
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at  intervals  ii\  alonf;  this  coast  and  strike  nsnallf  to  some  point  between  K. 
and  N.W.  There  is  a  local  reversal  of  the  general  dip  in  this  vidni^, 
the  folded  slaty  flags  tending  on  the  whole  towardB  north-weat  bnt  HiaD 
returning  to  the  opposite  quarter. 

Two  hundred  yards  farther  south,  where  the  coast  shoulders  round  n    ' 


ward  towards  Traie  ny  Uainaigue,  a  bold  dyke  of  somewhat  sheared  micro- 
granite  of  the  Dhoon  type,  24  feet  in  thicknt 
hading  seaward  with  the  dip 


i,  24  feet  in  thickness,  forms  the  face  of  the  iM, 
dip  of  the  country  rock.  Though  dislocated  in 
three  or  more  places  by  faults,  this  elvan  can  be  traced  for  400  ^ards,  to 
Traie  ny  Uainaigue,  where  in  a  most  interesting  section  (see  Fig.  3S)  » 
greenstone  intnision  is  intersected  by  a  oiiartz-porphyry  appwently 
associated  with  the  elvan  which  then  strikes  inland. 

Between  Traie  ny  Uainaigue  and  Traie  ny  Hallsali '  the  constituent  ainU 
are  chiefly  thickish  grey  flagM,  occasion^y  gritty,  containing  acattend 
calcareous  and  siliceous  nodules  sometimes  with  cone-in-cone  structure  in 


Fig.  35.     Cliff-section   in  Lonan  Flags  on  north-eastern 
side  of  Traie  ny  Uainaigue,  Maughold.     Height  60 


3"  Much-sheared  'greenstone'  dyke,  8  to  12  feet  thick. 
F.    Micro-granite  dyke  (Dhoon  Granite  type). 

F'.  Ponihyritic  dyke,  probab^  connected  with  the  micro-giaDite,  ii 
aecting  B"  at  the  foot  of  the  cliff. 


the  outer  Itiycr.  Among  the  hard  flags  there  occurs  a  narrow  strip  of  soft 
Btriiied  blue  and  fftay  pcncil-alate,  Imunded  by  thrusts  or  faults,  whidi 
jierfiaps  representi  the  remnant  of  a  broken  infold.  In  the  ground  to  the 
southward  of  this  strip  the  prevalent  dips  both  of  bedding  and  shear- 
cleavage  swing  round  from  S.£.  to  nearly  due  eastward. 

At  the  northern  corner  of  Traie  ny  Hallsali  we  again  find  a  micro-gT&nite 
dyke  15  to  20  feet  thick,  on  the  shore  and  in  the  cliff.  This  appears  to 
strike  inland  like  the  last,  but  is  interfered  with  westward  by  one  of  tin 
north  and  tiouth  fracture-lines.  Three-quarters  of  a  mile  farther  south- 
ward, at  the  eitremity  of  Gob  ny  Cally,  a  similar  dyke  once  mote 
emerges  at  low  water  mark  and  strikes  westward  along  tne  shore.  With 
regard  to  these  exposures,  the  presumption  is  strong  that  what  seem  to  ha 
several  aeparate  dykes  are  in  reality  the  reappearances  of  one,  or  at  Oie 
most  of  two,  dykcB  (see  pp.  129-30)  brought  about  by  some  method  of  fold- 
ing or  faulting.     It  is  difficult  otherwise  to  explain  the  absence  of  thwe 
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dykes  on  thoir  line  ^  of  strike  in  the  interior,  especially  in  the  Comah 
vaUey  which  should  intercept  the  whole  of  the  senes  traversing  the  shores 
between  Maughold  Head  and  Traie  ny  Hallsall,  yet  where,  in  spite  of  the 
many  excellent  rock  exposures,  not  one  of  them  is  seen. 

In  the  face  of  the  clin  at  Traie  ny  Hallsall  the  micro-granite  is  so  greatly 
decomposed,  probably  from  the  proximity  of  the  fault,  that  it  can  be  dug 
with  tne  spade. 

Two  hundred  yards  southward  from  this  recess  a  dyke  of  greenstone,  of 
noteworthy  thickness  and  character,  rises  into  the  cliff.  Its  aspect  suggests 
a  double  intrusion  at  different  dates  along  the  same  fissure,  one  portion 
being  much  more  sheared  than  the  other,  with  a  well  marked  parting 
between  them,  its  total  thickness  being  12  or  15  feet.  This  peculiarity  may, 
however,  denote  that  the  dyke  has  been  locally  duplicated  by  overthi-usting, 
or  that  it  has  originally  consisted  of  two  parallel  branches,  one  of  which  has 
been  more  severely  crushed  than  the  other.  In  close  proximity  to  this  dyke, 
a  level  known  as  the  Ballaskeg  Mine  has  been  driven  into  the  cliff  along  an 
east  and  west  lode  which  contained  a  little  copper  pyrites  (see  p.  542). 

One  hundred  yards  farther  south^  another  greenstone  dyke,  10  feet  in 
width,  is  seen  at  the  base  of  the  cliff :  and  some  smaller  strins,  striking 
nearly  north  and  south,  occur  between  tnis  place  and  Fort  Coman. 

On  thejsouthern  side  of  Traie  ny  Hallsall  tne  crumpled  grey  flags  dip  south- 
ward at  angles  between  10*"  and  20" ;  but  in  Gob  ny  Ow,  the  north  snoulder 
of  Port  Comah,  the  structure  becomes  very  complicated,  the  limbs  of  the  Port 
folds  plunging  steeply  eastward  at  about  70°,  with  a  severe  strain  slip  Corn  ah 
cleavage  in  nearly  the  same  direction  but  at  a  much  lower  angle,  viz.,  about 
20**,  traversing  and  partly  brecciating  them.  In  the  weathered  crags  above 
the  cliff  these  intersecting  planes  give  the  rock  a  singular  corded  aspect. 

The  nodules  which  occur  in  the  hard  fla^  at  this  point  have  had 
many  new  minerals  developed  in  them,  and  the  question  arises  whether 
their  metamorphism  is  due  to  the  proximity  of  the  Dhoon  Granite,  or 
to  the  severe  dynamic  action,  or  to  a  combination  of  both  causes 
(see  p.  96.) 

Were  it  not  that  still  closer  -to  the  granite,  on  the  westward  side 
of  Port  Comah,  the  flags  resume  their  prevalent  south-easterly  dip,  we 
might  have  supposed  the  disturbance  above  described  to  have  been  in 
some  way  caus^by  the  influence  of  that  intrusion.  But  although  earth- 
moveme.Dt  has  undoubtedly  taken  place  later  than  the  intrusion,  it  is 
evident,  from  all  the  exposures  near  the  contcu^t,  that  the  fla^  were 
already  packed  into  folds  before  the  igneous  mass  burst  up  among  tnem. 

In  the  little  recess  200  yards  S.W.  of  Port  Cornah  a  north  and  south 
fracture  filled  with  quartziferous  lode-stuff  crosses  the  beach,  and  has 
been  tested  in  the  cliff  for  copper  by  a  shaft  and  levels  (see  p.  543). 

A  very  tough  dyke  of  dioritic  *  greenstone,'  12  feet  wide,  probably 
altered  somewhat  by  the  granite,  of  a  character  likely  to  be  well-adapted 
for  road  metal,  is  seen  on  the  low  rocky  foreshore  on  the  western  side 
of  Port  CornaJi:  and  similar  though  thinner  intrusions  may  be 
traced  at  intervaljs  along  the  base  of  the  dangerous  cliffs  westward 
of  Gob  ny  CcJly,  until  we  reach  the  bold  pale  crag,  700  yards  south 
of  the  Comtdi  beach,  in  which,  for  the  last  time  on  this  coast,  the 
micro-granite  dykes  emerge  from  the  sea  and  pass  up  into  the  cliff.  The 
section  at  this  place  is  particularly  interesting,  inasmuch  as  the  micro- 
granites,  two  in  number,  each  from  10  to  18  feet  in  width  except  where 
pinched,  are  seen  to  intersect  and  alter  the  greenstones  in  such  a  manner 
as  to  suggest  that  shear-structure  had  been  imparted  to  the  greenstones 
prior  to  their  contact-aJteration  bv  the  acid  dykes,  though  the  latter  have,  in 
turn,  themselves  been  rendered  schistose  at  the  margin  by  post-consolidation 
movement  (see  p.  309,  and  Fig.  36). 

Unfortunately  the  spot  is  diflScult  of  access,  as  it  cannot  be  approached 
from  the  shore,  and  to  reach  it  one  must  descend  the  steep  dip-slope 
600  to  700  feet  high,  by  ipvhich  Barony  Hill  plunges  to  sea-level.  Up 
this  slope  the  two  dykes  may  be  traced,  by  occasional  outcrops. 
to  the  brow  of  the  hill,  where  they  are  well  exposed    in  some  small 
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openings  mado  Id  the  attempt  to  quany  them,  and  thence  their  cooiM 
crosaea  the  little  moorland  to  the  mai^a  of  the  Dhoon  Qranite  onlf 
200  or  300  yards  distant. 

It  13  noteworthy  that  in  spite  of  the  altitude  and  extent  of  the  Knnitie 
outcrop  on  the  hiU  ao  near  the  cliffs,  the  granite  iti  not  exposea  in  the 
cuast-itection,  the  two  clvans  alone  being  mible  there,  although  the  flaga  u 
ths  sections  aiijaci:nt  to  it  are  somewhat  baked  and  altered. 

To  the  soutliward  of  the  elvana  we  may  observe  three  fnrther  urainnlM 
of  the  altered  greenstone  dykea  in  the  cliff  before  reaching  Dhoon  Btr, 
tl(  largest,  i)  feet  wide,  lieing  400  varda  distant  from  the  more  aonthen; 
blvan.  Strips  of  similar  basic  dykes  have  been  traced  here  and  then 
along  the  brow  of  the  hill  above.  Some  prominent  lenticles  of  nin' 
quartz  are  also  conspicuous  in  the  cooat-section. 


Fig.  36.  Section  at  foot  of  cliff  under  Barony  HUl, 
showing  contorted  Lonan  Flags  traversed  by  dgket 
of  two  different  ages,  viz.: — greenstone  {older)  and 
vncro-granite  (newer). 


BO.  Qreatly-sheared  greenstone  dyke,  about  Si  feet  thicJc,  broken  mi 
fault  id  by  F. 

F.  Micro-panite  dyke  (Dhoon  type),  6  to  10  feet  thick,  rendered  schi^tCM 
at  the  margin  by  shearing. 


*  Bat.  In  approaching  Dhoon  Bay,  the  thick  gritty  flags  whidi  have  [TOTuled 
for  some  distance  give  place  tc  thin-bedded  grey  slaty  taia.  These 
descend  from  the  hill  to  too  shore  in  long  smooth  dip-slopes,  with  atracUues 
suggesting  stretching  and  shearing  but  rarely  crumpling.  The  little 
bay  owe.«  iti  origin  to  parallel  lines  of  fracture  running  W,  10—80  N., 
which  may  indicate  considerable  faulting.  Tiia  rocks  are  nnftened  and 
stained  r^d  and  vellow  along  definite  zones  in  the  viciniiy  of  these 
aialocationa,  and  the  same  features  recur  in  several  places  between  this 
recess  and  jtulgham  Bay.  The  mining  trials  of  the  locality  ate  described 
on  p.  Q28. 

^  Tho  headland  to  the  southward  of  Dhoon  Bav  contains  several  dykes  of  the 
greenstone '  type,  which  are  also  numerous  in  Bulgham  Bay  and  in  the  bead- 
knd  to  the  southward,  over  thirty,  ranging  in  widwi  from  1  to  12  feet,  having 
been  counted  in  three-quarters  of  a  mile  of  this  coast.  Thwc  is  here  awn* 
proof  that  these  are  mostly  separate  intrusions  and  not  repetition^  inu- 
much  aa  in  one  or  two  instances  they  pissese  individual  chancten  wbkh 


NoBTHERN  District:   Interior.  131 

could  be  recognised  if  the  dyke  reappeared ;  thus,  an  example  8  feet  wide, 
350  yards  south  of  Dhoon  Bay  (due  east  of  Vreem-ejeeskaig  of  the  6-inch 
map),  is  characterised  by  the  occurrence  of  small  augite  crystals  in  clusters. 
The  outcrops  of  several  of  these  dykes  are  prolonged  among  the  high  crags 
which  surround  Bul^ham  Bay  in  a  curious  cirque-like  form,  some  distance  bulqha 
back  from  the  true  cliff.  Near  the  summit  of  these  crags,  at  an  altitude  of  600  'Qxt, 
feet^  there  is  a  cutting  for  tJie  high  rcxad,  wherein  some  of  the  dykes  are 
agam  visible  and  the  oroadest  has  been  ouarried  for  road  metal.  At  the 
extremity  of  the  headland  bounding  Bmgham  Bav  on  the  south,  there 
occurs  a  greatly  sheared  pale  intrusion,  5  feet  thick,  which  is  of  felsitic  aspect 
but  seems  qmte  different  ^om  the  Dhoon  granite  elvans.  Among  the 
numerous  ereenstone  intrusions  200  or  300  yards  farther  south  are  two  or 
three  whicn  are  broader  and  fresher-looking  than  usual ;  and  these,  instead 
of  the  ordinary  schistose  aspect,  weather  with  a  massive,  rough,  vesicular 
surface  from  the  decay  of  the  porphyritic  constituents.  This  piart  of  the 
coast  furnishes  a  ^ood  example  of  the  tendency  of  the  intrusions  to  cluster 
together,  leaving  mten^s  in  which  they  are  comparatively  rare.  As  a  rule 
they  are  more  abundant  among  the  thin  slaty  rocks  than  among  the  more 
massive  fla^  and  grits,  suggesting  that  they  have  risen  up  along  the  planes 
of  least  resistance  and  havefound  the  latter  rocks  more  difficult  to  penetrate. 
Thus,  around  Bulgham  Bay,  where  the  dykes  are  so  numerous^  the  pre- 
dominant rocks  are  of  striped  flaggy  slate  much  shattered  by  faults  and 
crush-planes,  and  in  places  partly  brecciated,  and  more  akin  to  the  rocks 
of  the  *  unseparated '  tracts  than  to  the  typical  Lonan  Flags,  while  both  to 
the  northws^  and  southward  there  are  areas  of  thick-bedded  greenish  grey 
sandy  flags  in  which  the  dykes  are  comparatively  rare. 

A  small  abandoned  quarry,  marking  an  attempt  to  find  roofing-slate, 
occurs  on  the  slopes  north  of  Bulgham  Bay.  The  rock  in  places  looks 
promising  for  fowils,  but  my  search  discovered  only  obscure  "worm- 
markincs." 

The  description  of  the  coast  farther  southward  is  resumed  on  p.  151. 

Interior  of  the  Horthem  Diyision. 

Starting  at  the  north-western  comer  of  the  massif  (Sheet  4  of  6-inch 
map),  we  find  the  solid  rocks  emerge  from  the  drift-plain  i  mile  S.VV. 
of  the  village  of  Ballaugh,  whence,  rising  steadily,  they  form  the  long 
narrow  ridge  of  Slieau  Cum  (1,148  feet)  between  Glen  Dhoo  and  the  sea.  g^g^^ 
The  predominant  rock  of  this  ridge  is  a  greenish-gi*ey  striped  rather  flaggy  q^u^j 
slate  with  occasional  grit-bands,  but  on  the  lower  western  margin  of  the 
hill  there  is  a  fairly  well-defined  belt  of  flaggy  grit,  as  previously  described 
(see  p.  48). 

The  'unseparated'  rocks  of  this  part  of  the  Island  exhibit  a  strongly- 
marked  tendency  to  splinter  in  two  directions  more  or  less  at  right  angles 
to  each  other,  appai*ently  as  the  result  of  strain-slip  cleavage  crossing  the 
bedding  or  an  earlier  cleavage.  This  structure  gives  rise  to  a  short  faggoty 
fracture  of  the  rock  and  renders  it  almost  useless  as  a  building  stone.  It  is 
p^haps  best  developed  in  the  southward  prolongation  of  the  ridge,  around 
8lieau  Dhoo  (in  Sheet  7  of  6-inch  map),  where  the  walls  bounding  the 
moorland,  built  of  material  from  shallow  excavations  in  the  immediate 
vidnity,  are  often  composed  of  short  billets  of  stone  piled  up  lengthwise. 
'I  he  dominant  dip  of  the  fissility,  which  sometimes  agrees  with  and  some- 
times crosses  the  original  bedding,  is  generally  towards  north-west,  but 
there  is  a  local  reverb  to  the  opposite  quarter  oil  the  summit  of  Slieau 
Com,  apparently  due  to  the  influence  of  a  gritty  belt. 

This  nd^e  is  peculiarly  free  from  drift^  and  the  solid  rocks  are  notched  in 
places  by  dry  stream-cut  gullies,  in  positions  where  it  is  impossible  that 
any  water  could  flow  under  present  conditions.  These  phenomena  arc 
discussed  and  illustiated  in  Chapter  IX.  (p.  363,  fig.  101).  In  all  this  region 
there  is  a  striking  rarity  of  igneous  intrusions. 

Glen  Dhoo.  the  short  straight  valley  deeply  trenching  the  hill-chain  due  Glen 
south  of  BalJaugh,  is  more  mteresting  to  Uie  physiographer  and  glacialist 
31M  I? 
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than  to  the  student  of  the  solid  geology,  as  its  bottom  is  chiefly  filled  with 
gravel  and  rubbly  drift.  There  are  however  some  rock-exposures  deserving 
mention  in  the  craggy  slopes  around  its  coombe-Uke  head  ^n  Sheet  7),  where 
the  manner  in  whicn  the  highly  contorted  greenish-grey  grittjr  flags  are  cot 
and  sheared  by  fluxion  structures  and  strain-slip  throws  considerable  light 
on  the  production  of  the  matrix  of  the  crush-conglomerate  father  east,  as 
shown  in  Fig.  37.  These  rocks  much  resemble  the  more  gritty  portion  of  the 
Lonan  Flags.    (See  also  p.  48.) 

There  are  good  rock  exposures  towards  the  head  of  the  pictaresque  Glen 
Shoggle  (which  branches  away  eastward  from  Qlen  Dhoo  at  Ravensdale 
House),  chiefly  in  pale  bluish-grey  striped  slate  of  the  *  unseparated '  ij^ 
At  the  head  of  the  middle  fork^of  this  glen  the  drifts  are  banked  agiunst 
a  buried  cliff  of  slate.  In  the  northern  fork  there  is  an  old  trial  adit  on  a 
north  and  south  fracture. 

On  the  high  moorland  ridge  between  Glen  Dhoo  and  Sulbjr  Glen  the 
rock,  though  everywhere  near  the  surface,  is  usually  covered  with  rubbk 
and  the  exposm-es  are  few   and  unimportant    until  we  reach  the  bold 

Fig.  37.  Section  of  grits  and  slates ^  showing  torsion ;  in 
crag  on  hillside  S.E.  of  Glendhoo  Farm^  in  Glm 
Dhoo,  Ballaugh, 

(From  Quart.  Joum.  Geol.  Soc.  vol.  li.) 
Length,  about  2  feet 


A,  A,  A.    Grit  bands  in  sheared  slates,  broken  by  strain-slip  (y—y)  and 
each  segment  partly  turned  on  its  axis. 

northern  slope  descending  to  the  drift  plain.  In  the  lower  part  of  this  slope 
about  one  mile  eastward  of  Ballaugh.  there  are  several  quarries  in  compact 
striped  blue  slate  approximating  to  the  Barrule  type,  one  of  which  seems  to 
have  been  a  trial  for  roofing  slate.  The  later  cleavage  is  nearly  vertical, 
but  apparently  before  this  structure  was  developed  the  rock  was  wdded  by 
an  earlier  fluxion-movement  parallel  to  the  broadly-folded  bedding  pJasea 
From  the  combined  effect  of  the  two  structures,  the  slate  has  a  iibroQS 
texture,  especially  in  the  trough  of  the  folds,  and  lifts  in  long  firm  beun- 
like  blocks  ;  and  on  this  account  the  more  northerly  quarry  was  at  one  time 
much  resorted  to  for  lintels,  gate-posts,  etc.  A  single  slab  of  slate,  S4  feet 
lonK  by  3  feet  wide,  which  bridges  the  stream  at  BcUlacratJka  near 
BaUaugh,  has  probably  been  obtained  from  this  quarry.  At  Spaniah  Heed 
in  the  south  of  the  Island  the  slate  possesses  the  same  peculiarity  in  a  still 
higher  degree  (see  p.  174).  These  rocks  if  prolonged  on  the  line  of  strike 
should  continue  into  the  cape-Uke  termination  of  the  ridge  at  Gob  y  YoUef, 
overlooking  the  mouth  of  Sulby  Glen,  but  the  predominant  strata  at  this 
point  are  of  a  more  sandy  and  flaggy  tvpe  with  gritty  intercalatiooB,  the 
folding  of  which  is  well  shown  in  a  roadside  quarry  and  in  the  crags  rising 
above  it.  Traces  of  small  greenstone  intrusions  were.noticed  in  three  pboee 
near  the  eastern  crest  of  the  ridge. 

In  the  vicinity  of  the  gritty  beds  in  this  neighbourhood  there  iaa 
tendency  of  the  dominant  b^ding-planes  to  swing  over  locally  to  the  south- 
eastward, although  the  prevalent  dip  is  to  the  opposite  direction.  The  grits 
have  been  found  to  possess  a  similar  influence  on  adjacent  slaty  rocks  in 
many  other  parts  of  the  Island  where  the  dips  are  high.  The  local 
reversal  in  such  cases  probably  betokens  that  the  rocks  immediately  imder 
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the  shelter  of  the  grit-masses  yielded  less  readily  than  elsewhere  to  the 
compressive  force  which  established  the  isoclinal  arrangement  of  the 
folded  strata. 

On  entering  Solby  Glen  we  find  for  the  first  two  miles  scarcely  anyRuLBT 
rock-exposures  in  the  river  itself,  but  fine  sections  in  the  high  craggy  waUs  Glen.  • 
of  the  valley  on  either  side.  In  these  the  zone  of  crush-conglomerate  is 
magnificently  exposed,  flanked  on  the  west  by  highly  contort^  grits  and 
on  the  east  chiefly  by  Barrule  Slates.  To  the  account  already  given  of 
these  sections  (pp.  60-5),  it  will  now  only  be  needful  to  add  a  few  points  of 
detail  not  previously  described. 

The  greenstone  dyke  which  cuts  the  crush-conglomerate  in  the  section 
near  the  Clv^aid^  shown  in  Fig.  7  (p.  61),  prolmbly  crosses  to  the  western 
side  of  the  valley  a  little  farther  south,  as  an  intrusive  dyl^e  of  similar 
character  is  visible  among  the  breccias  three-quarters  of  a  mile  higher  up 
the  valley,  200  yards  northward  of  the  casc^e  descending  from  Killa- 
braggah,  where  it  has  been  quarried  for  road-metal.  Another  exposure  of 
intrusive  greenstone  occurs  1  ^  miles  south  of  Killabraggah,  in  the  crush- 
conglomerate  at  the  craggy  shoulder  above  the  junction  of  the 
streams  north-cast  of  Druidale  farmstec^d.  Theso  outcrops  are  the  more 
likely  to  represent  one  and  the  same  intrusion  since  dytes  are  compara- 
tively rare  in  Sulby  Glen  and  in  the  country  to  the  westward,  though  to 
the  eastward  there  is  a  belt  in  which  they  are  verv  common. 

The  unnamed  eastern  tributary  of  the  Sulby  which  drains  the  depression 
between  Slieau  Monagh  and  Snaefell,  flowing  past  Block  £ary,  traverses 
the  last-mentioned  belt  of  intrusions,  its  bed  containing  small  exposures  of 
some  interesting  varieties  of  igneous  material.  Within  30  yards  of  its 
junction  with  the  Sulby,  and  again  in  the  bed  of  that  river  above  the 
junction,  we  encounter  a  hard  close-grained  band  six  feet  wide,  which  is 
jirobably  a  sheared  dyke.  In  the  same  neighbourhood,  on  the  northern 
side  of  the  ravine,  are  some  extensive  old  slate-trials  exhibiting  excellent 
sections  of  the  Barrule  Slates  (see  p.  561). 

Between  the  two  larger  of  these  quarries,  the  Block  Eary  stream  crosses 
a  narrow  strip  of  crush-conglomerate,  apparently  at  the  margin  of  the 
Barrule  Slates  ;  and  above  this,  it  flows  mainly  over  firm  striped  flaggy  slnte 
with  sandy  intercalations  until  near  its  source  on  the  northern  shoulder  of 
Snaefell,  where  it  trenches  for  a  short  distance  upon  the  principal  zone  of 
the  Barrule  Slates. 

Nine  hundred  yards  above  its  junction  with  the  Sulby,  or  100  yards 
above  the  Wat^cUl  marked  on  the  six-inch  map,  we  find  the  stream-bed 
occupied  by  a  belt  of  pale  splintery  rock,  which  is  probably  a  felsitic  dyke 
but  13  so  greatly  crushed  and  decomposed  that  its  igneous  structure  is  no 
longer  apparent  even  to  microscopic  examination  (see  p.  323).  Between  400 
and  750  yards  farther  east,  four  or  more  basic  dykes  cross  the  stream,  the 
second  of  which,  200  yaras  Hue  west  of  Block  Eary  farmstead,  is  the 
beautiful  example  of '  actinolite  trap '  described  petrographically  in  (Chapter 
VIII.  p.  309,  while  two  others  seem  to  be  of  the  later  less  altered  '  diabase ' 

Traces  of  these  intrusive  greenstones  are  also  visible  at  several  points  in 
the  bed  of  the  little  feeder  descending  the  hill-side  west  of  Block  Eair. 
Two  old  trial-adits  penetrate  north-west  and  south-east  into  the  hul 
from  the  valley  near  this  place,  on  a  fracture  which  is  supposed  to  be  the 
prolongation  of  the  Snaefell  Lode  (p.  527).  Higher  up  the  stream,  two 
minor  examples  of  sheared  and  altered  greenstones  are  encountered ;  and 
then,  500  yards  RS.E.  from  Block  Eary,  we  reach  a  more  important  dyke, 
with  an  outcrop  many  yards  in  width,  of  pale  crushed  microgranite,  probably 
one  of  the  elvans  from  the  Foxdale  Granite  like  the  great  dyke  at  Crosby. 
The  south-easterly  border  of  this  dyke  has  somewhat  the  aspect  of  a  lino 
of  a  fault  or  overthrust,  but  this  may  be  due  simply  to  the  crushing  of  the 
slates  against  this  massive  bed.  Immediately  above  it,  the  character  of  the 
country  rock  changes,  as  previously  mentioned,  from  thin  flags  with  grit 
bands,  to  dark  blue  lustrous  Barrule  Slate,  somewhat  altered,  and  inter- 
penetrated by  many  quartz- veins. 
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In  the  three  short  tributanes  of  the  Sulby  to  the  southward  of  and 
parallel  .to  the  Block  Eary  stream,  between  Ballaskella  and  2%o/<-«-FiM, 
the  exposures,  so  far  eastward  as  they  extend,  resemble  those  just  described, 
^  excepting  that  in  the  first  two  the  belt  of  crush-conglomerate  dose  to  their 
junction  with  the  Sulby  is  broader,  probably  because  of  the  higher  altatode 
at  which  they  flow,  "nie  last  of  the  three,  at  Tholt-e-WUlivust  above  ito 
junction  with  the  Sulby,  has  cut  a  pleasant  little  gulch  into  the  Barrole 
Slate,  into  which  it  descends  by  casoules,  probably  along  faults  or  throst- 
planes.  In  the  higher  part  of  its  course  numerous  greenstone  dykes  are 
visible. 

The  upper  reaches  of  the  Sulby  basin  will  be  subsequently  described 
(see  p.  13H). 

Turning  now  to  the  high  ground  to  the  eastward,  sparingly  covered  with 
drift,  between  Sidby  Glen  and  Glen  Auldyn,  we  find  among  the  scattered 
rock -exposures  some  sections  in  the  crush-conglomerate  which  have  alreadv 
^^u  been  described    (see  pp.  65-66).      Near  the  summit  of  Slieau  Mona^ 

iMm  OR  (Meanagh),  a  large  ouartz-vein  which  crops  out  in  Creg  Bedn&t  an  elevatm 
LNAGH.  Qf  about  1,200  feet,  has  been  glaciated  in  such  a  manner  as  to  afford  proof 
that  an  ice-sheet  has  moved  in  a  S.S.E.  direction  over  the  plateaa 
(see  p.  363).  Near  the  head  of  the  stream  on  the  eastern  side  of  Slieaa 
Monagh,  a  thin  band  of  graphitic  schist  with  beautifully  polished  planes  of 
shearing,  occurring  among  pyritous  dark  blue  slate,  was  revealea  bv  the 
workmen  in  quarrying  stone  from  the  bank  for  the  erection  of  a  lenoe. 
Traces  of  the  same  mineral  have  been  found  near  Bearj^  I^k,  six  miles 
farther  south  (see  p.  550).  The  above-mentioned  stream  is  diverted  sharply 
eastward  at  Ballaneary  to  flow  through  The  Cluggid  (p.  60)  to  the  SulW 
but  it  probably  once  continued  in  its  initial  N.N.W.  direction^  and  passea 
down  one  of  tne  valleys  which  unite  with  Narradale  at  Cronk  Sumark.  It 
has  been  intercepted  and  diverted  by  the  eastward  cutting  back  of  the 
ravine  above  the  Cluggid.  Other  high-level  feeders  of  the  Sulby  afford 
proof  of  similar  physiogranhical  changes,  due  to  the  deep  trenching  of  the 
lower  part  of  the  main  glen  during  the  period  of  elevation  (see  pp.  €-7), 
which  stimulated  the  activity  of  all  the  short  transverse  streams  falling 
directly  into  the  trough,  and  led  to  their  rapid  backward  transgression. 
The  chief  branches  of  the  Sulby  seem  all  to  have  occupied  their  present 
relative  positions  in  Pre-glacial  times,  but  it  is  not  uncommon  to  find  that 
in  re-excavating  channels  blocked  with  drift,  the  streams  have  here  and 
there  missed  the  old  gulleys  for  a  short  space,  and  have  cut  straight-sided 
notches  in  the  solid  rock  adjacent  to  them,  sometimes  afterwards  abandoning 
these  for  the  more  easily  excavated  old  hoDows,  and  thereby  leaving  diy 
notches  high  above  the  present  stream  (see  p.  449).  A  good  example  c3  this 
occurs  on  the  Sulby,  opposite  to  Druidale. 

The  lower  part  of  Narradale  affords  a  further  illustration  of  Post-fflacial 
change,  400  yards  east  of  Cronk  Sumark.  where  the  stream  passes  nom  a 
comparatively  ojien  valley  with  high  banks  of  drift  into  a  little  gully  in 
slate  at  right  angles  to  its  former  course.  The  bottom  of  this  ^lly  shows  the 
outcrop  of  a  small  dyke  of  the  later  olivine-dolerite  type,  which  is  probaUy 
connected  ^ith  that  already  mentioned  (p.  59)  at  Kerroo  Mooar,  700  yuus 
to  the  north-eastward,  and  is  similarly  intrusive  through  crush-conglomerate. 
This  is  the  most  Avesterly  point  to  which  these  supposed  Tertiary  intrusions 
have  been  traced  in  the  district  to  the  northward  of  the  central  valley.  The 
present  example  is  probably  a  member  of  the  group  seen  on  the  eastern 
coast  near  Port  Mooar  (p.  127). 
(Koo  At  Kerroo  Mooar  a  rather  extensive  but  unsuccessful  mining  trial  has 

lAR.  been  made  in  search  of  lead,  on  a  north  and  south  lode  which  was  found  to 

intercept  one  of  the  olivine-dolerite  dykes  (see  p.  546).  Numerous  other 
instances  have  been  noticed  in  the  Island  in  which  these  dykes  aie 
associated  with  veins  containing  small  quantities  of  the  metaUiferouB 
ores ;  and  the  possibility  of  some  connection  l)etween  them  deserves  and 
will  receive  further  consideration  (see  p.  488).  The  interesting  boss  of 
older  greenstone  of  dioritic  type  adjacent  to  the  old  mine  is  described  on 
a  later  page  (p.  305). 
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Cbntmuiiig  along  the  steep  northern  edge  of  the  massif  (entering  Sheet  5 
of  the  six-inch  map),  we  find,  at  Laurel  Mount  half  a  mile  east  oi  Kerroo 
Mooar,  a  deep  narrow  quarry  opened  into  the  hillside  for  road  metal. 
This  appears  to  be  the  quarry  mentioned  by  Harkness  and  Nicholson,^  who 
describe  it  as  follows :  **  The  bulk  of  the  rock  here  is  grey  hard  nuartz-rock, 
with  occasional  rounded  pebbles  of  quartz  embedded  therein.  The  quartz- 
rock  here  has  a  great  affinity  to  the  grey  rocks  of  Cornah,  which  have  no 
distinct  stratification. «  Here,  however,  black  shales  occur  in  the  (}uartz- 
rock,  which  dip  at  a  high  angle  to  the  north-west."  The  implication  in  this 
description  that  the  **  quartz-rock"  is  of  sedimentary  origin  seems,  however, 
to  be  erroneous ;  for  althougji  so  greatly  decomposed  and  crushed  that  even 
the  microscone  fails  to  throw  much  light  upon  its  original  condition 
(see  p.  306),  it  bears  a  general  resemblance  to  rocks  in  other  exposures  which 
are  known  to  be  highly-sheared  intrusions  -  and  it  may,  with  some  confi- 
dence, be  regarded  as  a  dyke  which,  like  tne  rock  forming  The  Carrick  in 
Ramsey  Bay  (p.  123),  has  lost  its  igneous  structure.  Its  extensive  develop- 
ment in  the  face  of  the  quarry  appears  to  be  due  not  so  much  to  its 
breadth  as  to  its  repetition,  either  by  folding  or  overthrusting.  This  out- 
crop may  serve  as  a  good  example  of  the  problematical  kind  of  rock 
conistantry  recurring  among  the  slaty  rocks  in  tne  Island,  which  one  notes 
down  in  mapping  as  "  hard  band  (dyke  ?),"  and  finds  it  difficult  ever  to  get 
further  with  tne  aescnption. 

At  the  mouth  of  Grlentramman,  600  yards  farther  east,  are  two  old 
quarries,  probably  slate^trials,  in  strioed  blue  and  grey  slate  with  a  faggoty 
structure  like  that  of  Sliean  Cum.  This  material  seems  to  lie  at  the  margin 
of  the  zone  of  crush-conglomerate,  without  definite  evidence  for  the  order  of 
their  superposition.  Indications  of  north  and  south  faulting  are  visible  in 
the  bed  of  the  Glen,  but  the  depth  and  narrowness  of  the  gully  have 
prevented  the  thorough  investigation  of  the  sections. 

If  we  cross  the  ridge  from  the  head  of  Glentramman  to  the  feeder 
draining  into  Glen  Auldyn  from  Parkneakin,  we  find  small  outcrops  of  a 
palish  sneared  igneous  rock,  probably  of  the  *  intermediate '  type  (p.  300),  in 
the  stream-bed  500  yards  east  of  the  Parkneakin  ruined  farmstead,  and 
again  in  several  places  lower  down,  near  an  old  mining  trial,  amon^ 
crush-conglomerate,  and  also  on  the  adjacent  plateau,  250  yards  N.N.A\.  Glen 
of  SkyhiU  farm.  Farther  south,  on  the  steep  8lc»j:)es  descending  into  Auldyn. 
Glen  Auldyn,  small  exposures  of  dykes  of  other  ty^ies  occur,  including 
mica-trap  in  the  zigzag  road  900  yards  S.  of  SkyhiU,  and  diorite  in  a  small 
old  quarry  by  the  roadside  in  the  lK)ttom  of  the  Auldyn  valley,  100  yards 
S.  of  the  sharp  easterly  bend  in  the  river.  Higher  up  the  Glen,  two 
dykes  are  visible  in  the  bed  of  a  little  feeder  joining  the  eastern  side 
of  the  river  just  below  the  nif)st  southerly  slate  trials ;  the  lower,  probably 
a  mica-trap,  not  more  than  3  feet  wide ;  and  the  upper,  close  to  the  moorland 
fence,  a  sneared  palish  rock,  10  to  15  feet  broad,  of  the  doubtful  '  inter- 
mediate' group.  It  is  impossible  to  show  these  scattered  strips  of  dykes 
on  the  one-incn  map,  and  wearisome  to  describe  them.  The  exposures  are 
usually  so  limited,  and  the  characters  of  the  rock  so  obscure,  that  even 
where  the  igneous  origin  is  determinable  at  all,  it  is  made  apparent  only  by 
close  investigation. 

The  slate-trial  just  mentioned  is  one  of  an  extensive  scries  in  the  Glen, 
on  which  much  money  must  have  been  spent.  The  rock  in  this  vicinity  is 
strongly  striped  blue  slate  with  occasional  grit  bands,  dipping  N.N.W.  at 
high  angles,  and  cleaved  in  the  same  direction  at  lower  but  variable 
angles.  Towards  the  head  of  the  Glen,  a  much  folded  belt  of  thick-bedded 
quartz- veined  grits  is  seen  among  these  rocks  for  a  short  space.  The  thin 
Blaty  partings  of  these  grits  are  speckled  with  small  alteration-crystab 
(see  p.  109). 

Lower  down  the  Auldyn  valley,  the  gritty  cliaracters  disappear  and  the 
prevalent  rock  is  dark  blue  ferruginous  slate,  with  the  homogeneous  aspect 
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*  Quart.  Journ.  Gteol.  Soc.,  vol.  xxiL,  p.  489. 
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characteristic  of  the  Barrnle  Slate,  which  is  continued  northward  until  tk 
cnish-conclomerate  sets  in  under  Sky  Hill. 

The  little  streams,  unnamed  on  the  map,  which  drain  the  north^  slope  of 
North  Barrule  and  unite  to  discharge  into  Qlen  Auldyn  at  BalleighfHS^ 
flow   chiefly  over   firm  stronglv  striped   slate   with  ^t  bands,  of  toe 
'  unseparateid '  tj^pe,  resembling  tnat  of  Maughold  Head,  in  which  autodastic 
structure  is  visible  in  places.    The  westerly  fork,  known  locally  as  Glm 
Crinn,  reveals  several  '  greenstone '  dykes  in  the  stfeam-bed,  especially  in 
its  upper  reaches,  where  one  or  two  of  the  intrusions  are  of  rather  unnsnal 
character  and  seem  to  be  more  nearly  allied  to  the  acid  than  to  the  basic 
group.     In  Braid  Foss,  the  easterly  branch,  there  is  much  obscure  faolting 
and  crushing,  especially  in  the  vicinity  of  an  old  lead  mine  (see  p.  545). 
The  upper  part  of  the  main  arm  of  this  stream  follows  the  north-west 
course  of  a  oranching  olivine-dolerite  dyke.  8  feet  wide  in  places,  which 
is  well  exposed  in  the  walls  and  bed  of  the  little  canon  fen*  about  SOO 
yards,  and  then  strikes  across  into  the  parallel  gully  100  vards  farther 
west,  where  it  is  seen  in  the  mining  excavation.      It  can  also  be  tiuoed 
in  the  opposite  directionjup  to  the  slope  below  the  mountain-road. 

On  the  eastern  side  of  Glen  Auldyn,  banded  slates  like  those  of  Maughold 
Head  prevail  in  the  steep  slope  south  of  Crossags  Farm,  giving  place  to  a 
wedge  of  thickish  grits  opposite  Cla^hbane  ;  east  of  which,  as  already 
described,  crunh -conglomerate  is  the  cluef  component  of  the  sections. 

In  the  upi)er  part  of  Ballure  Glen,  above  the  Ramsey  Waterworks 
Reservoir,  several  *  greenstone'  dykes  may,  with  difficulty,  be  detected; 
while  on  the  steep  hillt^ide  nearly  due  east  of  the  Reservoir  and  on  the 
op|K)site  side  of  the  Glen,  a  small  ciuarry  has  been  opened  in  a  boss  of  rather 
fresh-looking  diorite,  and  the  same  rock  is  visible  in  the  adjacent  mountain 
road.    There  seems  to  be  considerable  difference  of  petrofogical  character 
between  this  rock  and  that  on  the  shore  at  Port  Lewaigue,  already  described 
(i).  123);  otherwise  the  field  evidence  suggests  that  they  may  be  parts  of 
tlie  same  intrusion.    West  of  Ballure  Glen,  and  ad,jac«nt  to  the  little  gully 
running  narallcl  to  the  new  mountain-road  at  Park  Mooar,  a  broadish  band 
of  pale  felspathic  material,  prolmbly  the  prolongation  of  the  Port  e  MyUin 
mass  (p.  124),  is  seen  at  intervals  for  600  or  700  yards,  striking  E.N.R  ;  and 
a  detached  strip  of  like  character  is  poorly  exix)sed,  250  yards  farther  south, 
in  the  cross-road  to  Dreeni-e-Lhergy  (between  a  and  n  of  Boan  on  Sheet  5 
of  the  six-inch  map).     In  the  field  on  the  western  side  of  the  road  at  Roan 
an  upfold  of  coarsish  grit,  4  feet  thick,  crops  out  for  a  short  distance 
and   IS  well  shown  in  a  small  quarry.     Immediately  to  the  southward 
lies  the  great  belt  of  Barrule  Slate,  the  edge  of  which  has  been  quarried 
in  a  slate-trial  near  Dreem-e-Lhergy  and  again  half  a  mile  farther  to 
the  north-east,  on  the  sloi)e  facing  the  sea  at  West  Folieu.     In  another 
quarry  at  the  latter  place,  150  yards  S.E.  of  the  slate  auarry,  we  find 
a  highly  sheared  basic  dyke,  accompanied  by  pale  bluisn  and  greemsh 
lustrous  sericitic  schist ;  the.^e  appear  to  be  the  inland  continuation  of  the 
rocks  seen  on  the  shore  at  Port  Lewaigue,500  yards  distant  (see  ante,  p.123). 
The  adjacent  rounded  hill-top  of  Slieau  Lewaigue  exposes  a  fine  example 
of  crushing  and  shearing  in  hard  grey  gritty  flags  with  thin  slaty  partinfls, 
the  teazing  out  and  intermixture  of  the  bands  where  they  lie  athwart  tne 
direction  of  movement  being  very  remarkable.     A  *  doubtful '  dyke  occurs 
in  the  same  ex]K)sure. 

We  return  now  to  the  north-western  flank  of  the  Island  to  take  up  the 
investigjition  of  a  strip  of  country  to  the  southward  of  that  examined 
above,  comprising  those  portions  of  the  six-inch  sheets  6,  7  and  8  not 
alreaay  described^  commencing  with  the  inland  tract  between  Kirk  Michael 
and  the  northern  edge  of  the  reel  Sandstone. 

The  belt  of  cleaved  flags  and  grits  running  S."6.W.  from  Kirk  Michael  is 
exix)sed  in  a  small  (piarry  where  the  hiffh-road  crosses  Glen  Mooar,  as  well 
as  in  the  adjacent  raihvay-cutting  ;  and  in  low  crags  higher  up  the  slope 
around  the  farmsteads  of  Ballacamane  Mooar  and  Beg,  and  Skerestel 
Mooar  ;  and  again  in  a  roadside  quarry  at  Glion  Cam  ;  and  in  many  smaller 
outcrops.    *  Worm- markings '  can  usually  he  detected  in  these  flags,  which 
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afford  also  some  interesting  structures  from  the  intersection  of  the  bedding 
and  cleavages.  Disturbances  of  the  strike  of  both  bedding  and  cleavage, 
bv  which  both  dips  are  brought  round  to  north-eastward,  occur  in  many 
places  along  the  eastern  edge  of  the  belt. 

Behind  the  farm-buildings  of  Skerestel  Beg,  three  quarters  of  a  mile 
inland,  a  *broadish  dyke  of  mica-trap  is  visible,  but  the  exposure  is  poor 
and  weathered.  Four  hundred  yards  farther  east,  amid  an  area  of  pale 
blue  sericitic  slate  of  ill-defined  characters,  a  low  crag  of  massive  bluish 
quartzite,  weathering  very  pale,  crops  up  in  the  comer  of  a  field  close  to  the 
hi^h-road,  on  the  parish  boundary  between  Michael  and  German.  One 
might  expect  that  a  strong  band  of  this  kind  would  be  continuous  for 
some  distance,  and  would  l)e  of  service  in  the  task  of  unravelling  the 
structure  of  the  Island  ^  but  it  disappears  immediately  in  both  directions, 
being  barely  traceable  m  the  field  on  the  opposite  side  of  the  road.  From 
analogous  examples  in  the  cliffs,  the  outcrop  probably  marks  the  isolated 
segment  of  a  broken  dome-like  fold  which  has  burst  into  the  slates.  A 
somewhat  similar  rock  occurs  in  the  bank  of  the  Qlen  Mooar  stream, 
three  quarters  of  a  mile  north-eastward,  400  yards  N.  of  Chester,  but  the 
auartzite  is  there  associated  with  other  smaller  grit  bands  among  banded 
slater.  A  'greenstone*  dyke,  9  feet  or  more  wide,  is  exposed  close  by,  on 
both  sides  of  the  stream. 

In  Glion  Cam,  300  yards  S.E.  of  the  high-road,  a  slaty  breccia  with  the 
fraxmeutal  structure  almost  obliterated  oy  later  cleavage  occurs  at  the 
highest  point  in  the  streain-bed  where  the  solid  rock  is  exposed:  and  a 
small  'greenstone'  dyke  is  revealed  in  the  same  locality.  There  is 
probably  much  of  this  slaty  breccia  farther  westward,  but  the  shivery 
lemiginoas  rubble  into  which  it  weathers  iLsually  hides  the  rock-surface. 
The  exposure  of  the  autoclastic  structure  in  a  small  quarry  near  Corvalley, 
half  a  mile  S.E.  of  Glion  Cam,  has  previously  been  mentioned  (pp.  66-7). 

Pale  blue  sericitic  slate,  which  shatters  into  lustrous  platy  debris  and 
is  associated  with  occasional  gritty  layers,  predominates  m  the  ridge 
(extending  into  6-inch  Sheet  9)  between  the  depression  leading  into  the 
valley  of  the  Neb  and  the  low  country  underlain  oy  the  Peel  Sandstone. 

At  Knocksharry  there  is  an  outcrop  of  coarse  grit,  apparently  the 
thinning  out  of  a  wedge  which  expands  southward  (pp.  48-9) ;  and  a  mass 
of  sheared  basic  igneous  rock  is  seen  at  Creggan  Mooar  in  its  vicinity. 

At  Cronk  y   VoMee,  Ij  miles  farther  eastward  (at  the  S.E.  corner  of  Crokk-y- 
Sheet  6),  a  boss  of  sheared  and  decomposed  porphyritic  diabase,  having  Voddee  a 
affinities  with  that  of  the  Poortown  Quarry  (p.  304),  has  been  quarried  at  Barrow- 
the  roadside  adjoining  the  Parsonage  ;   and  a  similar  boss,  though  of  oarroo. 
different  petrological  aspect,  occurs  at  Cronkbane,  300  yards  to  the  north- 
ward, near  an  old  mining-trial  (p.  547).    It  is  difiicult  to  say  whether  these 
are  originally  isolated  intrusions,  or  are  dislocated  fragments  of  a  once 
continuous  dyke  ;  the  smaller  shreds  seen  here  and  there  in  the  vicinity  of 
the  larger  masses  lend  favour  to  the  latter  supposition.    A  less  basic  rock, 
apparentlv  of  igneous  origin  and  perhaps  akin  to  that  at  Lhergydho  (p.  156), 
is  exposed  in  a  small  quarry  (Sheet  7)  on  the  hillside  700  yards  N.E.  of 
Cronk  y  Voddee  Chapel  ("St.  John's  Chapel"   of  1-inch  map^  and  200 
yards  8.  of  the  milestone  ("  Castletown  13  m.")  on  the  high-road.    In  this 
quarry  igneous  and  sedimentary  rocks  seem   to  have   oeen   folded  and 
crushed  together.      Other  small  outcrops  of  ill-defined   intrusions  were 
noticed  300  yards  farther  ea.st,  and  a^in  a  mile  to  the  northward,  at  the 
head  of  Glion  Cannell,  east  of  the  high-road.    This  hillside  has  been  the 
site  of  numerous  small  workings  in  search  of  lead,  and  an  attempt  has  alFo 
been  made  to  develop  a  slate-ouarry  in  the  dark  blue  Bamile  Slates  which 
occupy  the  ridge  between  the  Kamsey  high-road  and  the  valley  of  the  Neb. 

The  physiographical  features  of  this  neighbourhood  deserve  attention. 
The  broad  shallow  depression   through   which   runs  the  high-road  from  Olen 
Kirk  Michael  to  St  John's  has    probably  owed  its  origin  to  a  single  Wyllin  a 
stream  flowing  northward,  but  now  gives  birth  to  small  streams  which  ''EKDERS. 
run,  respectively,  northward  through    Glen    Wyllin,  westward    through 
Glei)  ^looar,  and  southward  into  the  deep  valley  of  the  Neb.       The 
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Pre-glacial  elevation  quickened  the  activity  of  the  shorter  westerly  and 
southerly  drainage,  so  that  these  streams  tapped  the  head  of  the  dd 
basin  and  divided  its  waters.  Since  Gleicial  times  the  northerly  stream 
seems  to  have  been  gaining  ground,  having  swept  the  drifts  out  of  Qlen 
Wyllin  more  rapidly  than  its  rivals  have  been  aole  to  deenen  their  solid 
channels,  thus  increasing  the  fall  northward  ^m  the  col  at  &UTOwgarroa 

The  curious  dry  valley  of  glacial  age  which  trendies  the  ridge  on  the 
ecuitern  side  of  Glen  Wyllin  is  described  in  Chapter  IX.,  p.  365  and  Fig.  101 

In  Glen  Wyllin  the  rock-exposures  are  scanty  and  unimportant  until  we 
approach  its  head  in  the  deep  coombe-like  glens  on  the  western  slopes 
of  the  mountains.  Glion  Etarky  the  more  southerly  of  its  biancfiB& 
between  Sartfell  and  Slieau  Freoaghane,  is  excavated  in  ferroginoos  hard 
dark  blue  slate  with  occasional  crumpled  bands  of  dark  muddy  pyritous 
grit,  shown  on  the  map  (with  some  misgiving)  as  Barrole  Slate,  and  the 
same  firmly  welded  slate  occupies  the  western  slopes^  of  the  adijacent 
mountains.  Large  slate-trials  have  been  made  in  this  rock  in  Glum 
Kiark  and  again  on  the  south -eastern  shoulder  of  Sartfell  near  the 
place  marked  ^  Level  (Lead  Miiie) '  on  the  six-inch  map  (Sheet  7X  The 
upper  part  of  the  glen  enters  striped  slates  and  sandy  flags,  of  the 
'  unseparated '  type,  much  crumplea  and  frilled  with  transverse  shear- 
cleavsigc  ;  and  rocks  of  similar  type  extend  thence^  over  the  summits 
of  Sartfell  and  Slieau  Freoaghane,  to  the  upper  basins  of  the  Neb  and 
Sulby  ;  and  indeed,  with  minor  variations, westward  up  to  the  main  eastern 
belt  of  Barrule  Slate  in  Snaefell  and  Beinn  y  Phott.  In  some  places  pale 
grey  tints  prevail,  in  others  blue,  but  oftener  the  strata  snow  these 
colours  in  thin  strongly  contrasting  alternate  layers.  Where  there  ib 
a  well-defined  cleavage  across  the  bedding,  the  slate  has  the  'faggoty' 
or  sometimes  pencil-like  fracture  already  described.  *  Fluxion-stracture,' 
pscudo-ripple-marking,  pulled  lenticles,  and  parti^  brecciation  are  oif 
frequent  occurrence  throughout  this  tract. 

Dykes  appear  to  be  rare  until  we  descend  into  the  Sulby  basin,  but 
this  may  be  partlv  because  the  exposures  are  not  as  a  rule  favourable 
for  the  display  of  the  smaller  intrusions.  In  the  deep  coombe  between 
Slieau  Cum  and  Slieau  Freoaghane  there  is  an  abandoned  lead-mine, 
for  an  account  of  which  see  p.  547. 

The  wet  grassy  slopes  of  the  upjxjr  part  of  the  Sulby  basin  above 
Druidale  are  usually  underlain  by  arift,  the  solid  rocks  being  rarely  seen 
except  in  the  stream-courses.  The  striped  flaggy  strata  are  often  on  the 
verge  of  disruption,  even  where  they  do  not  pass  over  into  the  actual 
crush-conglomerate  of  the  sections  alreadv  described  (p.  651  C^nerally 
throughout  the  Island,  in  descending  from  the  hills  into  tlie  valleys  we  find 
an  increasing  i)roportion  of  gritty  material,  and  this  part  of  the  Sulby  basin 
is  a  case  in  point.  On  the  western  side  of  the  river,  a  belt  of  flamy  grit 
(shown  on  tne  one-inch  map)  is  revealed  in  the  beos  of  the  little^eden 
west  of  the  Druidale  farmstead ;  and  asain  half  a  mile  farther  north  in 
the  deep  gully  under  Sharragh  Bedn,  vrnere  the  grits  seem  to  be  cut  off 
by  a  W.N.W. — E.S.E.  fault  which  has  attracted  some  mining  exploration. 
On  the  eastern  side  of  the  river  also,  thickish  grit  bands  (not  alK)wn  on  the 
map)  are  seen  in  the  beds  of  the  two  uppermost  feeders,  500  to  600  yards 
from  the  main  stream,  nearly  on  the  line  of  strike  of  the  great  zone  of 
crush-conglomerate.  In  the  more  northerly  of  these  feeders  the  grit  is 
associated  with  bosses  or  veins  of  quartz  of  unusual  dimensions,  one  mass 
occupying  the  bed  of  the  stream  for  several  yards. 

A  general  knowledge  of  the  geology  of  this  part  of  the  Island  may  be 

fained  by  scrambling  up-stream  along  the  bottom  of  Glen  Crammag^ 
own  wluch  a  tributary  of  the  Sulby  flows  northward  for  li  ndles 
from  the  western  shoulder  of  Beinn  y  Phott.  For  the  first  300  yaras  after 
leaving  the  main  river  we  find  the  bed  of  the  stream  to  be  composed  chiefly 
of  crusn-conglomerate,  with  a  fault  or  crush-plane  at  its  soutnem  mar^ 
along  which  a  short  trial-adit  has  been  driven.  We  next  croea  a  wide 
stretch  of  banded  slates.  ])artly  brecciated  in  places  and  much  cut  by 
fault-like  fractures  and  oy  quartz- veins.    A  dyke  of  'greenstone,'  6  feet 
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wide,  is  found,  750  yards  distant  from  the  mouth  of  the  Glen.  Then, 
150  ynrds  higher  up,  some  pale  ^eenish  and  bluish  beds  are  seen,  recalling 
those  on  the  shore  at  Port  Lewaigue  (p.  123)  ;  and  close  by,  a  pale  felsitic 
trap,  9  feet  wide,  probably  belonging  to  the  microgranite  group.  In  the 
next  600  yards  several  small  dykes  of  *  greenstone '  are  visible,  traversing 
strongly-striped  and  somewhat  altered  slates  with  thin  gritty  bands ;  ana 
then  another  example  of  the  pale  trap  is  met  with,  and  two  others  300 
yards  farther  up,  which  we  recognise  as  microgranites  like  that  of  Block 
Eary,  probably  emanating  from  the  Foxdale  granite  (seep.  317) :  idiile 
between  the  pale  tra^w  are  other  small  '  greenstone '  intrusions.  Whether 
these  dykes  oe  repetitions  by  folding  or  faulting  it  is  not  possible  to 
determine,  but  the  whole  grou])  seems  to  be  prolonged  into  the  next  glen 
eastward,  which  carries  the  drainage  from  the  western  slope  of  Snaefell  and 
opens  into  the  Sulby  only  300  yards  below  the  mouth  oi  Glen  Crammag, 
In  this  easterly  glen  the  dykes  begin  to  be  seen  400  yards  above  its  mouth, 
and  recur  at  short  intervals  throughout  the  next  half  mile,  up  to  the 
shiu^  elbow  east  of  Lhergyrhenny  where  there  appears  to  be  some  faulting, 
above  which  for  over  a  mile  dykes  are  exceedingly  rare.  The  slates  in  the 
lower  part  of  this  glen  possess  the  same  characters  as  in  Glen  Crammag^ 
but  the  section  is  carried  back  farther  eastward.  Above  the  elbow  just 
mentioned,  we  find  beautifully  striped  slaty  and  mtty  fla^  much  vemed 
with  quartz,  affording  excellent  studies  in  partial  brecciation  and  double 
cleavage  (see  Fig.  24,  p.  79).  Then,  near  an  old  lead-mine,  a  narrow  belt  of 
the  dark  blue  sericitic  Barrule  slate  is  crossed,  like  that  forming  the 
greater  part  of  Snaef eU  and  Beinn  y  Phott.  This  slate  has  been  intenselv 
sheared  and  cross-cleaved.  It  probably  lies  in  a  S3mclinal  trough,  whicn 
expands  upwards  into  the  above-mentioned  hills ;  and  this  suggestion  is 
borne  out  oy  the  reappearance  higher  up  the  stream  of  striped  slates  with 
gritty  alternations^  like  those  seen  lower  down.  Frona  800  to  1,1C0  yards 
above  the  old  mine,  several  small  decomposed  basic  dykes  are  poorly 
exposed  in  Uie  stream-bed,  and  the  question  arises  whether  these  may, 
like  the  sedimentary  strata,  be  repetitions  of  those  revealed  on  the  opposite 
side  of  the  infold.  But  they  are  apparently  unaccompanied  by  the  acid  dykes, 
and  present  some  differences  of  petrographical  character  which  seem  to 
distin^^uish  them  from  the  previous  set.  In  common  with  the  slates,  the 
dykes  in  this  quarter  have  undergone  considerable  alteration,  amounting  in 
the  case  of  the  intrusive  material  almost  to  re-crystallisation.  This  meta- 
morphism  may  be  still  beiter  studied  half  a  mile  farther  south,  across  the 
col,  in  the  little  glen  draining  into  the  Baldwin  River,  where  an  altered 
'  greenstone '  intrusion  occurs  in  a  larger  and  less  weathered  exposure  in  a 
low  crag  on  the  lower  slope  of  the  mountain,  100  yards  west  of  the  stream. 
There  are  also  some  striking  illustrations  of  alteration  in  the  slates  them- . 
selves  on  the  western  and  northern  sides  of  Snaefell,  in  the  cuttings  for  Snaefell 
the  recently-laid  tramway  to  the  summit,  where,  as  described  on  p.  110, 
the  sections  showed,  in  places,  the  sporadic  development  of  garnets  in  the 
slate  adjacent  to  h^  bands.  A  broad  decomposed  dyke,  in  which  actinolite 
has  once  been  abundant,  was  exposed  in  a  cutting  on  the  line  about  1,400 
yards  W.S.W.  of  the  summit,  and  another  of  smaller  size  in  another  cutting 
150  yards  N.E.  of  that  spot.  In  several  places  nearer  the  mountain  top, 
up  to  the  highest  level  attained  by  the  tram-line  (about  2,000  feet),  the 
excavations  revealed  good  examples  of  glacially  striated  rock-surfaces 
(see  p.  361).  On  the  N.E.  shoulder  of  the  mountain  (at  the  western  border 
of  Sheet  8)  a  small  quarry  has  been  recently  opened  in  a  dyke-like  mass  of 
actinoUtic  'greenstone,'  18  feet  wide,  which  may  be  the  same  rock  as  that 
of  the  tramway  section,  in  a  leas  weathered  condition. 

Following  the  grassy  mountain  ridge  of  Barrule  Slate  north-eastward  from 
Snaefell  {p,  50),  we  find  a  few  traces  of  intrusions,  both  of  Jbhe  acid  and  basic 
types,  in  tne  form  of  scattered  blocks  marking  the  proximity  of  outcrops,  on 
both  sides  of  Clagh  Ouyre  ;  and  a  small  dyke  of  microgranite,  like  that  of 
Block  Eary,  is  scantily  revealed  at  the  side  of  the  new  mountain-road 
due  north  from  the  cairn  on  the  summit  of  Clagh  Ouyre,  and  again  in  the 
bed  of  a  golly  in  the  same  vicinity,  200  yards  below  the  road.  Along  the 
crest  of  the  ndge  the  dark  blue  slate  has  an  almost  continuous  outcrep  in 
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low  scars,  much  seamed  with  quartz-veins  (containing  some  chlorite 
and  mica),  while  south-eastward  the  slopes  break  away  into  lines  of  steeper 
crags  overlooking  the  Comah  Valley.  In  the  lower  range  of  these  cra^  on 
the  southern  side  of  North  Barrule  north-east  of  Park  Lewellyn  farmstead,  a 
large  mass  of  igneous  material,  many  ysu^  in  width,  is  enosed  in  a 
succession  of  lens-like  bosses.  The  rock  is  of  the  *  doubtful  type,  pale 
greyish,  close-grained  and  splintery,  seemingly  intermediate  between  the 
greenstones  and  the  microgranites.  It  is,  however,  too  much  crushed  and 
altered  to  yield  much  infonuation  even  under  the  microscope  (see  p.  317). 

Higher  up  the  hill  we  find  traces  of  some  small  dykes  of  {greenstone 
1  to  3  feet  wide,  which  are  of  somewhat  unusual  aspect,  bemg  rather 
coarsely  porphyritic.  The  glacial  striations  occurring  on  the  crest  of  the 
ridge  are  referred  to  on  p.  361. 

The  bold  crags  in  which  North  Barrule  terminates  abruptly  eastward 
afford  a  good  opportunity  for  studying  the  internal  structure  of  the  ridge. 
A  series  of  roughlv  parallel  planes  dipping  N.N.W.— t.e.,  in  the  same 
direction  as  the  cleavage — splits  up  the  Barrule  Slates  into  tabular  or 
wedgB-shaped  blocks  resting  one  upon  another,  not  unlike  ordinary 
bedding,  and  giving  the  appearance,  at  a  distance,  of  true  stratification.  When 
more  closelv  examined  we  find  that  the  rock  near  these  planes  invariably 
shows  evidence  of  crushing  and  sliding,  and  that  the  actual  bedding 
in  only  occasionally  parallel  to  them.  Tney  appear,  in  f act^  to  be  small 
overthrusts  by  which  the  previously  folded  slate  nas  been  split  into  thick 
slabs  and  piled  or  packed  toffether.  In  the  process  of  weathering  these 
divisional  planes  ^ve  rise  to  ledge-like  features  simulating  stratifacation 
dipping  into  the  hill. 

JJescending  to  the  foot  of  the  slope,  we  find,  in  a  field  adjoining  the  old 
mountain-road  500  yards  north-west  of  Cardie  Veg^  in  the  thinly  drift- 
covered  ground  a  group  of  large  blocks  of  massive  ouartz-veined  grit, 
evidently  denoting  an  outcrop  of  this  character.  This  has  been  mapped  as  the 
northern  edge  of  the  Agneash  Grits,  but  there  is  a  strong  possibility  that 
it  may  represent  the  reappearance  of  the  isolated  band  of 
quartzite  seen  on  the  east  coast  at  Stack  Mooar  (p.  124).  The  ground  to 
the  eastward  is  cultivated,  with  no  rock  exposures  for  over  a  mile  excepting 
in  the  gutter  of  a  little  stream  running  to  Ck>mah  from  Margher-e-kew,  where 
there  are  scanty  outcrops  of  flaggy  striped  slate.  Between  Ballasaig  and 
Magher-e-breck.  however,  we  fina  much  rocky  ground,  made  up  in  part  of 
flaggy  grits,  and  in  part  of  stronglv  striped  slate  or  slaty  flags  in  which  the 
dark  argillaceous  bands  are  speckled  with  alteration-products. 

At  Magher-e-breck  a  north  and  south  lode  has  been  mined  for  hematite 
with  fair  result  (p.  541).  A  small  quarry  250  yards  N.N.K  of  the  farmstead 
at  this  place  has  been  opened  on  a  massive  band  of  coarse  grit  and 
hematite-stained  vein-quartz,  apparently  thrust  in  among  shaken  and 
altered  slates. 

It  is  worth  noting  that  on  the  ^laciall  v-rounded  rock-face  to  the  northward 
of  this  quarry,  two  highly  burnished  fragments  of  vein-quartz,  one-eighth 
to  three-eighths  of  an  men  in  diameter,  were  tightly  impressed  and  fixed  in  a 
sin^ar  manner  upon  the  firm  surface  of  the  slate.  The  anomalous  con- 
dition and  position  of  these  fragnients  did  not  seem  referable  to  glacial 
agency,  and  yet  were  otherwise  difficult  to  account  for ;  unless  the  action 
of  the  lightning  upon  the  crag  seems  a  possible  explanation. 

To  the  southward  of  the  supposed  Agneash  Grits,  the  ground  up  to  the 
coast  on  the  east  and  the  deep  valley  of  Cornah  on  the  south  is  wholly 
occuuied  by  the  inland  extension  of  the  Lonan  Flags.  These  hard  flags, 
weatnering  more  or  less  slaty  in  crags  but  showing  little  or  no  trace  of 
fissility  in  the  stream-courses,  are  well  exposed  in  the  picturesque  little  glen 
south  of  Ballaglass  and  on  the  hill-top  beyond,  at  Ballachnnk.  In  the 
glen  an  attempt  ha'i  been  made  to  develop  a  lead-mine  (p.  342),  and  in  the 
bed  of  the  stream,  50  yards  to  the  westward  of  the  ruined  mine-buildinfis,  a 
curiously  fresh-looking  dyke,  2  feet  wide,  of  lavender-grey  close-grained 
splintery  rock  is  exposed. 

Following  up  the  Cornah  stream  above  the  crossing  of  the  main-road  at 
Corrany,  we  enter  an  area  of  the  highly-contorted  flaggy  Agneash  Grits  which 
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are  admirably  displayed  in  all  their  intiicate  folding  in  the  bold  crags  a 
little  to  the  southward  of  the  stream. 

We  are  here  in  the  proximity  of  the  structural  axis  of  the  Island,  since  a 
little  wav  farther  to  tne  south  and  south-east  the  prevalent  dips  are  south- 
eastward, while  in  working  westward  uptream  we  find  tne  limbs  of 
the  folds  become  more  and  more  definitely  mclined  towards  north-west,  the 
cleavage-dips  also  swinging  over,  but  not  quite  concurrently  with  the 
b^ddin^.  The  mineral  alteration  of  the  slaty  partings  interbedded  with 
the  gnts  is  very  distinct  in  these  sections,  and  continues  westward 
throughout  the  eien.  That  its  development  is  independent  of  the  Dhoon 
granite  seems  indicated  by  its  abatement  in  the  rocks  farther  south  and 
nearer  to  the  granite. 

Several  of  the  north  or  N.N.W.  to  south  or  S.S.E.  fractures  which  occur 
at  intervals  in  the  Comah  Glen  have  been  svstematically  explored  for 
metal- ores,  but  only  one  of  the  mines  was  in  work  at  the  time  of  tne  Survey 
(see  pp.  524-5).  One  of  these  veins, which  is  exposed  in  the  little  side-ravine 
striking  north  to  Park  Lewellyn,  has  brought  about  extensive  de- 
composition of  the  country-rock  in  its  vicinity,  tne  striped  slates  bein^ 
softened  and  stained  into  rich  lilac,  green,  and  purple-red  shaly  clay,  and 
thegrit  bands  and  (quartz  veins  reduced  to  a  sharp  quartz-sand. 

The  same  peculianties  are  visible  at  the  head  of  a  parallel  and  immediately 
opposite  gully  on  the  other  side  of  the  main  stream :  and  again  in  the 
upper  reaches  of  the  valley,  on  the  slope  below  Clagn  Ouyre,  where  the 
decomposed  slate  seems  to  follow  the  general  strike  of  the  strata,  as  it 
also  does  in  Dhoon  Bay  and  Bulgham  (p.  130). 

The  massive  bands  of  quartzite  which  cross  the  stream  opposite 
Comah  farm  ar.j  probably  the  continuation  of  those  of  Margher-e-kew 
and.Magher-e-breck.  The  manner  in  which  these  bands  ascend  the  a4]acent 
southern  hill- slope'  has  been  described  in  the  foregoing  chapter  (p.  40). 

In  two  p!aces  in  the  stream-bed,  between  150  and  300  ysuxls  to  the  east 
of  the  *  North  Laxey '  Mine,  crushed  strips  of  *  greenstone  are  exposed,  and 
a  small  dyke  of  the  same  kind  is  cut  in  an  upper  level  of  the  mine. 
Higher  up  the  valley,  on  the  north  bank  of  the  river,  350  yards  west  of  the 
mine,  there  is  a  larger  boss  of  '  greenstone '  among  sheared  and  altered 
striped  flaggy  slates  of  the  *  unseparated  [  type ;  and  300  yards  still  farther 
south-westward  we  find  a  weathered  basic  intrusion  which  may  be  traced 
thence  at  intervals  for  200  to  300  yards,  to  the  head  of  the  glen.  Climbing 
then  to  the  grassy  moorland-ridge  separating  the  Cornah  valley  from 
Laxey  Glen,  we  discover  further  indications  of  greenstone  dykes  in  small 
rock-exposures  along  the  old  mountain-road  going  N.W.  toward  Snaefell, 
half  a  mile  east  of  the  summit  of  Slieau  Lhean  (1,515  feet),  where  we  are 
once  more  within  the  belt  of  the  Af^eash  Grits. 

Turning  eastward  along  this  ndge  (which  lies  wholly  within  6-inch  Agnkabh 
Sheet  8),  we  find  at  intervals  obscure  outcrops  of  dark  banded  slate  with 
numerous  flaggy  layers  of  grit,  while  below  us  to  the  southward  lies  the 
typical  exposure  of  highly-contorted  quartz- veined  grits  in  Oeg  Agneash. 
Wnefe  we  cross  the  structural  anticline  in  this  vicinity  the  beds  are  folded 
almost  vertically,  but  in  Creg  Agneash  the  grits  on  the  whole  show  a 
north-westerly  inclination,  while  the  more  slaty  strata  at  lower  levels  along 
the  same  axis,  in  Olion  Buy  (the  upper  portion  of  Glen  Agneash^),  are  turned 

^  It  is  a  peculiarity  of  Manx  topographical  nomenclature  that  the  name 
is  applied  to  the  glen  and  not  to  the  stream,  and  that  different  portions  of 
the  same  glen  receive  different  names.  The  Agneash  stream  is  a  case  in 
point :  its  total  len^h  is  l4  miles ;  it  starts  in  Qlion  Ruy ;  flows 
through  Glen  Agneasn  ;  into  (ilen  Mooar  ;  and  then  joins  the  main  stream 
in  L^ucey  Glen.  (See  six-inch  map,  Sheet  8.^  As  another  example,  in 
Sheet  12  we  have  Glen  Rushen  continuing  into  Glen  Mooar  ana  Qlen 
Meay.  To  the  stay-at-home  Manx  crofter  of  old  days  the  method  might 
have  its  advantages,  but  it  is  confusing  for  anyone  not  wishing  to  spend 
his  life  in  one  glen,  especially  as  almost  every  stream  in  the  Islana  has 
its  Glen  Mooar  (Big  Glen)  somewhere  or  other. 
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over  to  the  opposite  quarter,  illuBtrating  the  point  alreadv  comineiited  on 
(p.  45),  that  in  the  neighbourhood  of  the  anticline,  where  the  dips  an 
very  steep  the  grits  frequently  hang  over  toweurds  one  direction  aiid  the 
slates  towards  the  opposite. 

From  the  manner  in  which  the  grits  keep  to  the  high  ground  around  the 
head  of  Glion  Buy.  leaving  the  intermediate  hollow  to  the  striped  slates 
and  flags  of  the  'Lonan  Flags'  type,  it  would  appear  that  the  valley 
descends  below  the  horizon  of  the  folded  grit-platform.  But  the  iHoneer 
level  driven  northward  from  Dumbell  Shaft  of  the  Great  Lazey  Mine  (two- 
thirds  of  a  mile  to  the  southward),  at  a  depth  of  over  2,000  feet  beneath  the 
summit  of  Creg  Agneash,  encountered  flaggy  grits  like  thoee  forming  the 
Creg,  apparentlv  indicating  that  some  portion  of  the  grits  are  continuoiis 
downward  to  that  depth.  Several  fault-like  fractures  are  visible  in  the 
stream-bed  of  Glion  Kuy,  and  as  usual  we  are  unable  to  decide  whether 
faulting  or  folding  should  be  held  responsible  for  the  position  of  the  strata. 

On  the  summit  of  Slieau  Ouyr  the  quartz-veined  grit-bands  become  leas 

frominent,  merging  gradually  into  pale  sandy  Lonan  flags  like  thoee  of 
brt  Comah.  We  are  here  within  600  yards  of  the  edge  of  Uie  Dhoon 
Granite  on  Slieau  Kuy,  but  the  rocks  do  not  show  any  notable  increase  in 
the  degree  of  alteration. 

Dhoon  Granite. 

Though  the  ground  is  heather-covered,  with  only  meagre  exposures,  the 
margin  of  the  granite  on  the  crest  of  Slieau  Ruy  can  be  fixed  within  a  few 
yards.  It  is  630  vards  S.E.  of  the  cairn  marking  the  highest  point  of 
Slieau  Ouyr.  and  the  granite  is  continuous  thence  south-eastward  along  the 
paxish  boundary  between  Maughold  and  Lonan  for  400  yards,  when  we  pass 
from  it  aeain  to  sheared  flags  decidedly  more  altered  than  those  of  the 
opposite  oorder.  The  granite  itself  has  imdergone  movement  after 
consolidation,  being  rendered  schistose  in  places  in  a  direction  parallel  to 
the  fissility  of  the  nags,  especially  alon^  its  north-western  margm  ;  and  it 
seems  probable  that  the  stratiei  which  were  originallv  in  immediate 
contact  with  it  may  have  been  afterwards  displaced  by  overthrusting 
or  normal  faulting,  and  that  the  slight  amount  of  alteration  now  visible  at 
some  parts  of  its  ooundar^r  may  be  thus  explained  (see  p.  106).  Westward 
the  granite  disappears  witmn  100  vards  below  the  crest-line  of  the  hill,  the 
slopes  descending  into  Glen  Agneasn  being  wholly  of  sedimentary  rock  ;  and 
the  deep  levels  of  the  Laxey  mine,  1,600  feet  below  tiie  Glen,  are  altogether 
in  the  na^  with  an  elvan,  seen  also  at  the  surface,  as  the  only  indication  of 
the  proximity  of  the  igneous  mass.  Eastward  the  granite  extends  with 
an  irregular  outline,  for  1 J  miles,  to  Barony  Hill. 

Following  its  northern  margin  in  this  direction  we  find  no  good  exposures 
until  we  cross  the  straight  mountain-fence  running  N.W.  from  ^A^iiiiy 
towards  Comah,  about  800  yards  west  of  the  high  road,  where  in  a  craggy 
hillock  sejiarated  from  Slieau  Ruy  by  a  boggy  hollow,  we  see  the  actual 
junction  of  the  granite  with  the  flags.  The  highly  altered  country-rock 
is  here  streaked  with  little  apophyses  of  the  intrusive  material  and  crushod 
into  a  schist,  while  the  margin  of  the  ^nite  is  rendered  platv  by  crushing 
and  appears  to  have  been  actually  folded,  as  shown  in  the  following  figure 
(p.  143).  On  leaving  this  hill,  the  boundary  is  lost  beneath  the  thin  drift- 
covering  of  the  shallow  depression  along  which  runs  the  high-road,  but  we 
recover  it  on  the  rise  of  Barony  Hill^  300  yards  east  of  the  road,  where 
low  outcrops  scattered  ajnong  the  heather  enable  us  to  fix  the  line  within 
narrow  limits,  the  junction-phenomena  being,  however,  less  clearly  seen 
than  where  above  described.  The  north-eastern  comer  of  the  intrusion 
just  reaches  the  lonff  fence  enclosing  the  summit  of  Barony  Hill,  and  seems 
there  to  send  out  the  more  northerly  of  the  two  elvans  which,  as  already 
stated  (p.p.  129-30),  may  be  traced  eastward  down  the  precipitous  slope  to 
theaea. 

Turning  southward  from  the  fence,  we  have  good  indications  of  a  ragged 
junction  of  the  granite  and  flags  for  150  yards  farther,  when  the  second 
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dv&n  breaks  away  from  the  maBs,  followioR  a  parallel  course  to  the  first 
into  the  clj^  Near  this  point  the  boundary  begins  to  Bhow  a  westerly 
trend,  but  enters  cultivated  land  and  is  not  Been  again  until  we  reach  an 
old  quarry  overgrown  with  gorse,  600  yards  to  the  gouth-westward,  on  the 
verge  of  Dhoon  Glen,  below  the  ruined  famistead  of  Kionehenin.  In  this 
quarry ,the  sheared  granite  margin  is  full  of  highly  altered  included  fragmente 
of  the  fla^.  We  descend  from  thispoint  200  or  300  feet  almost  precipitously 
into  the  deep  glen  cut  nearly  to  aea-level,  in  which  we  find  altered  slaty 
flags  only,  and  the  various  mining  levels  driven  beneath  the  Glen  (p.  538) 
were  also  wholly  within  the  slate-series,  proving,  as  in  Laxey  Qlen,  the 
absence  of  any  notable  expansion  of  the  granite  downwards  to  some  depth 
beneath  the  surface.  The  steep  valley- walla  of  the  branching  feeder  which 
fiows  Bonth^eaatward  into  Dhoon  Glen  below  Kionthanin  reveal  crags  of 
slate  cnt  by  a  thin  elvan  from  the  granite  (noticed  by  Henslow');  but 
above  the  point  where  the  stream  forks,  both  the  easterly  and  westerly 

Fig.    38.      Granite    crag  under  Ordnance    station    on 
shoiUder  o/ Slieau  Ruy  W.S  W  of  Ballelin,  exhibiting 
carted  structure    {not    like  concentric    weathering) 
■     probaUg  due  to  nwvement.     Height  about  8  feet. 


Q.  Small  quarts-veins  participating  in  the  curved  arrangement, 

branches  have  trenched  the  massive  Kranite.  The  intrusive  rock  is 
bere  .traversed  by  veins  containing  much  fibrous  tourmaline,  which  was 
formerly  excavated  in  these  glens  for  use  as  a  polishing  powder  (p.  556). 
The  rock  adjacent  to  the  veins  is  in  places  so  thoroughly  decomposed  that  it 
ia  easily  dug  with  a  spade. 

In  endeavouring  to  trace  the  southern  boundary  round  westward  across 
-thtt  aforementionea  drift-covered  depreaeion,  we  can  fix  the  margin  within 
aanow  limits  in  the  shallow  cuttings  in  weathered  rock  on  the  new  tram- 
line; and  then  find  no  further  evidence  until  300  yards  west  of  the  high  rend, 
where  the  little  gulley  of  the  north  fork  of  Dhoon  Glen,  which  below 
this  point  is  whoDy  In  slate,  shows  a  poor  exposure  of  granite  apparently 
brought  against  the  slate  by  a  north  and  south  fault.  Thence  we  pass 
KCTQss  two  cultivated  fields  and  the  boggy  hollow  on  the  edge  of  the  moor- 
land, to  the  slope  of  Slieau  Ruy,  without  further  indication  for  the  exact 
poailiOD  of  the  junction. 

-  The  whole  area  of  granite  thus  enclosed  is  about  half  a  square  mile  in 
extent.  A  large  quarry  for  paving  setts  by  the  side  of  the  high-road  half 
•  mile  north  of  Dhoon  Olen  Uotel  afi'ords  the  most  favourable  opportunity 
fw  studying  the  central  portion  of  the  intrusion.  In  this  quarry  the  joint- 
faces  are  frequently  coated  with  molybdenite.    The  petro^phical  features 

» Trans.  Geol.  Soc,  vol  v.,  p.  491. 
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of  the  mass  and  its  relation  to  the  other  igneous  rocks  of  the  Island  ars 
discussed  in  Chapter  Vm.  p.  312. 

To  the  northward  of  the  granite  the  little  stream  which  runs  down  the 
eastern  slope  of  Slieau  Ruy  reveals  a  continuous  section  of  baked  gritty 
fla^  having  a  predominant  dip  south-eastward,  or  towards  the  Intrusiou  : 
and  this  is  the  general  direction  of  the  bedding  and  cleavage  planes  all  round 
the  mass.  In  fact^  the  granite  does  not  appear  to  have  affected  the  arrange- 
ment of  the  rocks  into  which  it  was  intruded,  but  merely  to  have  punched 
out  room  for  itself  through  the  previously  packed  and  folded  fla^  and  to 
have  been  affected  after  consolidation  by  a  renewal  of  the  d^eanng  fences 
acting  in  the  same  direction  as  before,  but  with  less  intensity.  It  is  hi^y 
suggestive  that  the  onl v  elvans  which  can  be  traced  for  any  distance  from  the 
granite  are  those  which  stream  out  from  opposite  ends  of  the  mass  rou^^y 

Sarallel  to  the  cleavage.  Those  from  its  eastern  margin  have  already  been 
escribed ;  and  those  from  its  extreme  western  margin  take  a  similar 
course  in  the  opposite  direction,  crossing  Glen  Agneash,  lAxey  Qlen 
and  Qlen  Roy,  as  indicated  in  Fig.  29,  p.  84.  Directly  to  the 
southward  of  the  outcrop,  with  the  exception  of  short  protuberanoeB 
close  to  the  edge  of  the  intrusion  no  dykes  have  been  discovered  ;  uid 
to  the  northward,  only  one  small  elvan  is  found  in  the  bed  of  the  aforeeaid 
stream  from  Slieau  Ruy,  400  yards  west  of  the  upper  high-road,  and  another 
on  the  northern  slope  of  Barony  Hill,  800  yaras  N.K  of  Ballig,  neither  of 
which  seems  to  extend  more  than  a  short  distance  from  the  granite.  The 
dykes  from  the  Foxdale  granite  present  analogous  features  (see  p.  31 IX 

BNAB  If  we  follow  the  little  stream  round  the  northern  slope  of  Barony  Hill 

^^*  into  the  picturesque  glen  at  Rhenab,  three-quarters  of  a  mile  norUi  of  the 

granite,  we  find  pale  flaggy  altered  slate,    with  its  dominant  dipe  at  fint 

towards  S.S.E.,  but  afterwards  changing,  600  yards  east  of  the  hign-road,  to 

the  unusual  direction  of  £.  or  E.N  £.^  with  flattish  cleavage  and  curious 

schistose  structures  almost  or  quite  obliterating  the  bedding.    This  abncHnttl 

dip,  corresponding  to  that  on  the  north  side  of  Port  Cornah  (d.  129X  ^o^ 

not  appear  to  be  connected  with  the  intrusion  of  the  granite,  out  to  have 

been  caused  by  the  proximity  of  the  anticlinal  axis  of  cleavage.    In  the 

lower  part  of  its  course  the  stream  runs  in  a  deep  guUy  between  vertical 

walls  of  highly  confused  baked  splintery  flags,  still  showing  the  abnormal 

easterly  dip  and  traversed  by  schistose  hard  bands  which  are  probably 

crushed  greenstone  dykes.    There  is  something  so  peculiar  in  tiie  structure 

and  composition  of  these  rocks  that  they  deserved  fuller  investigation  than 

they  received,  but  the  sections  in  the  walls  of  the  ravine  are  unfortunately 

difficult  of  access.    Shreds  of  altered  basic  intrusions  are  visible  on  Uie 

slopes  above  the  ravine  on  both  sides,— to  the  northward  in  the  steep  road 

leading  across  to  Cornah,  and  to  the  southward  in  the  fields  of  tae  old 

Barony  enclosure  K  15  N.  of  the  shepherd's  house. 

cetGlek     In  the  lower  part  of  Laxey  Qlen  (in  Sheet  11)  a  narrow  alluvial  flat 

»  Glen     occupies  the  bottom  of  the  valley,  but  the  Lonan  Flags  with  dominant 

fEASH.      S.K  dips  are  revealed  in  manv  sections  in  the  steep  slopes  on  both  sides, 

occasionally  traversed  by  small '  greenstone '  dykes.    The  extensive  mining 

work  on  the  Great  Laxey  Lode,  which  has  been  one  of  the  most  productive 

metallifeious  lodes  in  the  Britisn  Islands,  is  described  in  Chap.  XlII^p.619. 

The  lode  is  a  definite  fracture-line  striking  about  N.  by  W.  and  nading 

towards  E.,  but  it  does  not  appear  to  be  accompanied  by  faulting  of  mn^ 

moment ;  its  course  leaves  tne  main  glen  and  enters  that  of  the  Agneakh 

tributary  {Glen  Mooar^  6-inch  Sheet  8)  above  the  junction  of  the  streams, 

where  for  a  few  hundred  yards  it  nearly  coincides  with  the  river-bed.      Hie 

Bulgham  Bay  group  of  giecnstone  dykes  (p.  131)  seems  to  cross  the  same 

ravine,  basic  intrusions  being  obscurely  exposed  at  short  intervals  wherever 

the  country -rock  is  laid  bare.    Among  these  dykes  there  is,  however,  one— 

a  mica-trap,  seen  in  the  stream-bed  north  of  the  Big  Wheel — which  has 

not  been  recognised  in  the  coast-aection.      Farther   upstream  in   Qlen 

Agneash,  above  the  mines,  200  yards  north  of  the  upper  reservoir,  the 

dyke  of  Dhoon  microgranite,  20  feet  wide,  of  which  mention  has  already  oeeo 

made,  is  well  exposed.    It  is  also  indistinctly  seen  in  the  moorland  raiui  to 
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E.N.R,  400  yards  nearer  the  granite  ;  and  its  dSt^  is  abundant  in  the  spoil- 
heap  of  a  small  shaft  on  the  opposite  hill-side.  300  yards  W.S.W.  of  the 
stream.  A  second  dyke  of  similiar  composition,  but  only  about  Ij  feet  in 
width,  is  visible  in  Glen  Agneash  450  yards  north  of  the  above-mentioned 
example.  Pale  hard  sandy  flags  prevail  in  this  part  of  theglen,  interm^iate 
in  character  between  the  Lonan  Flags  and  the  Agneash  Grits  ;  the  bedding 
of  these  rocks  is  almost  vertical,  or  turned  over  slightly  toward  S.S.E. 

Returning  to  the  main  Laxsv  Glen  above  its  junction  with  Glen 
Agneash.  we  find  similar  sandy  nags  revealed  at  intervals  in  the  valley 
bottom,  highly  crumpled  and  folded,  but  with  a  tendency  toward  W.N.  W. 
Among  these  flags,  bands  of  quartz-veined  grit  make  their  appearance,  and 
increase  in  numoers  in  goin^  westward,  until  the  rocks  attain  the  typical 
characters  of  the  Agneash  Gnts.  The  thin  slaty  ])artings  among  these  grits 
are  sometimes  full  of  partially-develoi)ed  alteration-minerals  of  much 
petroffraphical  interest  (see  p.  109). 

A  fine  20-feet  dyke  of  microgranite  like  that  of  Agneash  is  exposed  in 
the  Laxey  stream  rather  over  three-quarters  of  a  mile  above  the  aforesaid 
junction,  or  950  yards  S.E.  of  the  farm  of  Laggan  Agneash.  Its  position  is 
somewhat  to  the  eastward  of  the  line  of  strike  of  the  Agneash  dyke,  but  tliere 
is  little  doubt  that  they  are  identical.  The  manner  in  which  these  intru- 
sions have  been  chopped  up  into  segments  that  have  been  displaced  either 
by  faulting  or  folding,  is  evident  m  the  crags  of  the  high  valley  slopes 
on  either  side.  On  the  north  we  find  a  sheared  and  broken  elvan  of  the 
Dhoon  type  among  the  grits  bordering  the  rivulet  which  tumbles  into  the 
Glen  150  yards  east  of  Laggan  Agneash  ;  but  in  the  stream-bed  and  on  the 
opposite  or  southern  side  of  the  valley,  we  search  in  vain  for  its  direct 
prolonjzation,  until  we  go  500  or  600  yards  farther  east  on  the  south  side  of 
the  valley,  where,  in  the  tramway  cutting  and  the  crags  above  and  below  it, 
we  encounter  an  excellent  exposure  of  a  similar  elvan,  about  15  feet  wide, 
accompanied  by  others  of  smaller  dimensions.  There  is  much  reason  to 
believe  that,  in  spite  of  their  apparent  discontinuity,  the  above  described 
outcrop  in  the  river  and  those  of  the  north  and  south  slopes  of  the  villey 
have  once  been  continuous  and  all  represent  parts  of  the  same  elvan.  Two 
hundred  yards  farther  south  there  is  another  exposure  of  microgranite,  on 
the  hillside  below  the  tramline ;  and  yet  another,  500  yards  distant  from 
the  large  dyke  in  the  tramway  cutting,  in  the  gully  of  a  rivulet  flowing 
eastward  into  the  main  glen.  These  also  are  discontinuous  along  their 
strike  (see  p.  314). 

In  the  higher  reaches  of  Laxey  Glen  we  pass  out  of  the  Aj^eash  Grits 
into  banded  slates  of  the  '  unseparated '  type.  These  lie  withm  the  belt  of 
alteration,  and  present  the  usual  indications  of  incipient  metamorphism. 
In  the  vicinity  of  Laggjan  Agneash  several  small  dykes  of  altered  greenstone 
and  one  or  two  of  the  intermediate  type  are  revealed  in  the  stream -bed,  and 
others  again  200  to  400  yards  farther  westward.  Where  the  stream  forks, 
just  below  the  Snaefell  Leadmine  (p.  526),  the  strata  are  greatly  shattered, 
and  it  is  probable  that  a  fault  of  some  magnitude  crosses  the  valley  at  this 
point,  striking  N.N.W.  along  the  course  of  the  north  fork.  This 
crushed  slate  is  seen  in  the  Ixinks  of  the  stream  and  also  proved  in  the 
underground  workings  of  the  mine  :  the  slates  are  similarly  shattered  on 
a  prolongation  of  the  same  line  in  the  tramway  cuttings  on  the  southern 
side  of  I^ey  Glen.  This  disturbance  may  be  responsible  for  the  truncation 
of  the  northern  edge  of  the  Agneash  Grits  on  the  lower  slope  of  the  hill 
above  the  Snaefell  mine  ;  though,  as  usual,  an  alternative  explanation  can 
be  offered,  in  the  supposition  that  the  valley-bottom  at  this  point  may 
descend  below  the  level  of  the  sheet  of  grits. 

A  small  dyke  of  actinolitic  greenstone  occurs  in  the  bed  of  the  north  fork 
about  20  yards  above  the  shaft  of  the  mine,  and  another  larger  dyke-like 
band  crosses  the  stream  300  yards  farther  north.  In  the  south  fork,  above 
which  the  tramline  rims,  strongly  banded  sandy  flags  with  thin  gritty  layers 
are  found,  exhibiting  excellent  instances  of  partial  brecciation.  The 
tramline  itself  between  this  point  and  Laxey  presents  a  fine  succession  of 
sections  in  which  the  complex  folding  and  buckling  of  the  Agneash  Grits 
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may  be  advantageousl  v  studied.  Several  basic  dykes  and  elvani^  like  thoee 
in  the  river  l)ed,  are  also  laid  bare,  but  are  generally  much  weathered. 

There  is  a  small  quarry  by  the  side  of  the  mountain-path,  600  yards 
ZS.E.  of  the  hotel  at  the  crossing  of  the  tramway  and  the  hirfi-road  on 
^'  the  southern  shoulder  of  Snaefell,  in  which  the  alteration  of  the  banded 

slates  is  almast  as  well  displayed  as  in  the  cuttincs  on  the  western  slope  of 
Snaefell  (p.  110).  The  rock  is  streaked  and  frifled  by  intersecting  nlanes 
of  strain-slip  ;  and  small  garnets  and  other  minerals  are  abundantly 
developed  in  certain  layers  of  argillaceous  material  adjacent  to  little 
beds  of  harder  grit.  Continuing  along  the  aforesaid  path,  the  high 
ridge  of  Mullagh  Ouyr  (in  Sheet  7),  chiefly  composed  of  the  quartz-veined 
Agnciish  Grits,  lies  to  the  south  of  us,  while  to  the  north  we  find  a  tract 
of  alt*;red  '  unse^iarated '  slaty  rocks  which  are  perhajw  brought  in  by  the 
effect  of  the  Snaefell  Mine  fault,  and  occupy  the  mporland  tor  about  half 
a  mile  farther  eastward,  until  replaced,  in  Cronk  y  Vaare  (in  Sheet  8)  and 
the  upland  to  the  south-eastward,  by  the  Grits.  The  heads  of  the  Uttle 
streams  draining  southward  from  these  uplands  will  be  described  when  we 
reach  the  drainage  system  of  which  they  form  part  (see  p.  160). 

Central  Division  {Six-inch  Sheets  9  to  14). 

Western  Coast 

The  description  of  the  western  coast-line  of  this  division  northward  of 
Peel  is  given  in  the  chapter  on  the  Peel  Sandstones  (Chap.  VI.,  p.  2721 
In  Peel  Bay  the  fault  which  forms  the  western  boundary  of  these  Sand- 
stones is  concealed  by  drift,  which  descends  in  this  vicinity  considerably 
l»elow  sea-level  (see  pp.  441-3).    On  the  western  horn  of  the  Bay,  however, 
the  Slate  Series  reappears,  and  is  continuous  thence  southward  to  the 
extremity  of  the  Island.    For  the  first  six  miles  (including  the  remainder  of 
Sheet  9  and  the  northern  third  of  Sheet  12)  the  coast-sections  consist 
exclusively  (save  for  a  capping  of  drift)  of  the  Niarbyl  Flags. 
The  most  easily  accessible  locality  on  the  coast  for  the  study  of  these 
•RiCK*s      rocks   is  St.  Patrick's  Isle,  close  to  Peel.    The  shore  here  is  low  and 
5,  shelving  ;  and  though  very  rugged,  as  indeed  it  always  is  when  composed 

of  the  slate-rocks,  it  can  be  traversed  without  difficulty  by  tiie  patnway 
under  the  outer  walls  of  the  Castle-yard.  The  palish  grey  and  blue  shty 
flags  here  seen  present  a  succession  of  folds,  in  some  places  rather  open 
and  in  others  T)inched  up  so  that  the  limbs  are  highly  inclined ;  ana  in 
the  troughs  ot  the  folds  the  pseudo-ripple-marking  is  sometimes  wdl 
develoi»ea.  There  is  a  faint  cleavage,  of  low  angle,  crossing  the  bedding ; 
and  the  flags  are  fractured  in  places  by  fault-like  lines  of  crushingl  As 
indicated  on  the  following  enlarged  plan  of  the  Isle,  two  dykes,  with 
]x>ssibly  the  cnLshed  remnant  of  a  third  which  is  not  shown,  traverse  the 
strata  in  a  N.N.W.  direction.  The  more  easterly  is  one  of  the  less  crushed 
*  greenstones  ^ ;  the  more  westerly,  a  fine  example  of  mica-trap  with  con- 
spicuous crystals  of  mica  in  a  micaceous  ground-mass.  The  latter  dyke 
gives  rise  to  a  long  channel  near  high-water-mark  at  the  south-western 
angle  of  the  Isle,  and  affords  by  far  the  best  Manx  exposure  of  this  type 
of  intrusion,  elsewhere  either  scantily  visible  or  outcropping  in  almost 
inaccessible  positions.  The  same  dyke  is  prolonged  into  tne  mainland  diff 
on  the  opT)osite  side  of  the  water-gully. 
JTRARY  Most  ot  the  shore  between  St.  Patrick's  Isle  and  Contrary  Head  is  only 
AD  appn)achable  by  bojit,  though  a  risky  descent  of  the  cliffs  may  be  made  in 

one  or  two  of  the  little  bays.    In  every  section  the  Niarbyl  Flags  exhibit 
magnificent  contortions,  the  limbs  of  the  folds  usually  standing  at  liigh 


the  eiistern  coast,  these  do  not  show  a  steady  pitch  towards  one  quarter. 
The  cleavage  varies  considerably  l)oth  in  intensity  and  in  angle  of  din, 
being  ii^fiuenced  in  the  latter  particular  in  part  by  the  wide  diSerenoes  jq 
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the  textare  of  the  individual  beds,  and  in  part  probably  bjr  post-cleavage 
disturbanceB.  In  the  more  alaty  bands  between  Peel  and  Contniry  Head 
it  ia  occasionally  aufficiently  strong  to  have  enconra^  small  slate-trials ; 

Fig.  39.— Plan  of  St.  Patrick's  Isle,  Peel,  showing 
position  of  dykes  traversing  contorted  Niarbyl 
Flags. 


and  in  certain  limited  beds  the  quali^  of  the  product  seems  to  have  been 
butter  than  is  usual  in  the  Island,  but  the  quantity  obtainable  was  too 
small  for  profitable  working. 

Fractures  and  lines  of  crushing  abound,  striking  both  along  and  across 
the  direction  of  stratification.  Small  thnwl^planes  of  low  hade  are  also 
common,  especially  between  Dalby  Point  and  the  Niarbyl. 

Dykes  are  not  numerous,  and  are  all  of  small  siie.    Instead  of  following 

the  bedding  planes  like  the  majority  of  the  dykes  of  the  omwsite  coa8t,_^ey 

have  usually  a  N.N.W.  strike,  or  nearly  at  right  angles  to  the  bedding.  Tbcy 
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have  all  been  injected  after  the  folding,  and  are  as  a  role  fresher  and  leas 
crushed  than  is  commonly  the  case  with  the  Pre-Carboniferous  intrusions  of 
the  Island ;  but  that  thev  are  Pre-Carboniferous  is  indicated  by  the  fact 
that  while  they  traverse  tne  slates  all  round  the  mai^n  of  Peel  Sandstone, 
not  one  has  been  found  to  enter  that  formation.  Several  of  these 
intrasions  belong  to  the  mica-trap  group,  this  type  being  better  represented 
here  than  in  an^  other  part  of  the  Island.  As  the  dykes  in  this  area  are 
widely  spaced,  it  has  been  pK)ssible  to  show  most  of  tnem  on  the  one-inch 
map :  and  their  position  will,  therefore,  scarcely  need  further  indicaUon. 
On  tne  north  side  of  Contrary  Head,  near  the  base  of  the  cliff,^  two  little 
seams,  4  inches  thick,  of  a  curious  pale-yellowish- green  steatitic  material 
may  be  seen,  apparently  interbedded  with  the  flags.  These  are  possibly  of 
Igneous  origin  but  are  too  much  altered  to  reveal  their  genesis  even  to 
microscopic  examination.  Similar  but  still  thinner  seams  were  observed 
on  the  coast  farther  south  in  the  vicinity  of  Dalby,  and  again  on  the 
eastern  coast  between  Douglas  Harbour  and  Douglas  Head.  Tney  deserve 
mention  because  of  a  somewhat  remote  possibility  that  they  may  represent 
altered  volcanic  material. 

Besides  the  outcrops  in  the  cliff,  one  of  the  mica-trap  dykes  is  exposed 
in  two  places  in  the  crags,  300  to  400  yards  inland  from  the  coast  south  of 
Contrary  Head,  and  800  yards  S.S.W.  of  Knockaloe  Moar  farmstead.  On 
the  same  craggy  ridge  half  a  mile  farther  east,  in  a  quarry  in  the  Niarbyl 
Flags  60  yards  west  of  the  high  road  to  Dalb)r,  another  Iratsic  dyke  6  feet 
wide  is  rather  well  seen.  These  are  the  only  inland  instances  within  the 
boundaries  of  the  Niarbyl  Flag  where  dykes  have  been  observed,  excent  in 
a  doubtful  case  in  Glen  Meay  close  to  the  eastern  edge  of  the  division. 

The  elitfs  to  the  southward  of  Contrary  Head  resemble  thoce  already 
described.  At  (Jlen  Meay  the  coast  is  brqlcen  by  a  little  precipitous  east- 
to-west  ravine  carved  out  of  the  Flags,  wfiich  ciincidcs  in  part  with  a  line 
of  faulting,  the  fault  breccia  being  revcLiled  in  places  in  its  southern  wall.^ 
To  the  southward  of  this  place  the  cliffs  are  lower  and  the  foreshore 
broader,  rendering  the  sections  more  easily  accessible.  A  typical  section 
on  this  part  of  tlie  coast  has  l^een  illustrated  in  a  previous  figure  (see 
Fig.  3  p.  37). 

A  dyke  of  *  greenstone,'  6  feet  wide,  traverses  the  foreshore  opposite 
Balla(|uane  850  yards  south  of  Glen  Meay.  In  the  next  recess  soutnward, 
where  the  cart-road  from  Ballaquane  reaches  the  shore,  three  small  intra- 
sions of  olivine-dolerite  are  visible,  the  largest  3  feet  wide,  striking  N.W. 
or  N.N.W.  This  is  the  most  northerly  instance  of  the  supposed  l^rtiaiy 
intrusives  that  we  have  observed  on  the  western  coast  Another  dyke  of 
like  character  and  dimensions  occurs  on  the  north  side  of  Dalby  Point,  half 
a  mile  S.W.  of  the  last ;  and  a  third  at  Baiy  ni/  Ooitj^  130  yards  beyond,  on 
the  southern  side  of  the  Point  ;  and  no  further  example  is  then  known 
for  more  than  two  miles,  after  which  the  coast  intercepts  another  small 
cluster  of  thcvse  dykes  (pp.  150-1). 

The  finer-grained  flaggy  beds  in  these  sections  usually  all  contain  a  trace 
of  lime,  but  that  substance  is  most  abundant  in  certain  bands  between 
Dalby  Point  and  Glen  Meay,  referred  to  on  n.  36.  At  Elby  Point  dose  to 
The  Niarbyl,  the  bedding  planes  exhibit  the  beautiful  reticulate  structures 
illustrated  in  Figs.  21-2,  pp.  77-8. 

The  Niarbyl  is  a  rough  low  reef  of  folded  flags,  one-third  of  a  mile  in 
length,  at  high  water  cut  up  into  islands  and  partly  submerged  ;  and  in  this 
reef  the  Niarbyl  Flags  suddenly  terminate,  as  already  described  (p.  35). 
The  existence  of  the  reef  is  due  to  the  superior  endurance  of  these  flags  over 
the  softer  strata  to  the  southward,  whicn  consist  of  striped  slates  and  thin 
sandy  bands  of  the  *  unscparated '  type,  greatly  crushed  and  disturbed.  At 
low  water,  when  the  edge  of  the  reef  is  exposed,  the  softer  beds  seem  to  pass 
under  the  flags  at  an  angle  of  about  25  degrees,  an  irregular  streak  of 

*  This  breccia  seems  to  have  been  regarded  by  Harkness  and  Nicholson  as 
a  true  conglomerate  (see  p.  163).  See  Quart.  Journ.  GeoL  Soc.,  vol.  xxii., 
p.  489. 
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Crashed  rock  and  vein-stuff  occup^ng  the  junction.  In  the  adjacent  little 
cliff,  however,  the  line  of  division  is  steeper  and  more  like  a  normal  fault. 
The  present  relationship  of  the  rocks  at  the  junction  is  clearlv  due  to  some 
form  of  displacement ;  and  if  we  are  right  in  considering  the  flags  to  be 
the  older  division,  we  must,  as  already  stated  (p.  38),  grant  the  existence  of 
an  overthrust  at  this  point. 

A  small  *  greenstone  *  dvke,  1  to  2  feet  wide,  strikes  north-westward  across 
the  reef,  150  vards  S.W.  of  the  fishermans  house  on  the  little  beach. 
Among  the  softer  beds  in  the  floor  of  the  bav,  some  curious  disconnected 
bosses  apparently  of  igneous  origin  are  visible  at  low  water,  probably  the 
remnants  of  a  shattered  intrusion  of  altered  diorite  (p.  300i  From  this 
place  southward,  small  d^kes  of  *  sheared  greenstone  of  tne  older  type, 
often  reduced  to  the  condition  of  calc-chlorite-schislLare  numerous ;  and  these 
usually  strike  with  the  cleavage,  or  E.N.E.  to  W.S.W.  The  remarkable 
difference  in  the  number,  character  and  direction  of  the  dykes  in  these  slaty 
rocks  as  compared  with  those  in  the  Niarbyl  Flags  seems  at  first  sight 
to  suggest  that  the  Flaffs  belong  to  a  later  system  than  the  Slates,  and  that 
some  of  the  dykes  which  traverse  the  Slates  may  have  been  intruaed  before 
the  Flags  were  deposited.  But  such  a  reading  would  mean  a  reversal  of 
the  order  of  succession  advocated  in  the  preceding  chapter,  and  would 
imply  a  time  interval  if  not  an  actual  unconformity  between  the  divisions 
for  which  there  is  no  other  evidence.  The  sug^tion  is  mentioned  merely 
to  show  that  it  has  been  duly  considered,  and  rejected  in  favour  of  the  more 
probable  explanation  that  the  phenomena  in  Question  are  due  in  the  first 
place  to  the  less  penetrable  character  of  the  Flags,  and  secondly  to  their 
superior  resifttance  as  a  mass  to  the  later  shearing-stresses,  so  that  to  a  con- 
siderable extent,  they  protected  and  preserved  the  comparatively  few 
intrusions  that  found  entrance  into  them  (see  p.  299). 

An  outstanding  stack  in  Trate  Vrish^  360  yards  south  of  the  Niarbyl  Coast 
Cottage,  is  penetrated  by  one  of  the  greenstone  dykes.    This  appears  to  have  south 
been  loldea  and  broken  by  small  overthnists,  affording  a  gooa  illustration  of  the 
of  the  deformation  whicn  the  intrusions  have  suffered  among  the  softer  Niarbyx. 
rocks  in  this  quarter. 

In  the  same  locality,  an  adit  has  recently  been  driven  into  the  cliff  to 
explore  a  lode  which  nmny  years  ago  yielded  a  small  quantity  of  sulphide 
of  antimony  (p.  546).    Tne  dark  striped  slates  on  the  foreshore  contain 
many  small  nodules,  as  well  as  worm-like  impressions.    On  the  southern 
side  of  Traie  Vane,  where  the  Lag  Rivtr  pours  in  a  little  cascade  to  the 
shore,  a  belt  of  beautifully  banded  pale  and  dark  ^een  slates  is  revealed 
(see  p.  123).  The  same  slates  are  doubtfully  recognisable  in  a  few  places  on 
the  steep  hill-slopes  east  of  Dalby,  their  appearance  in  weaUiered  inland 
exposures  being,  however,  not  nearly  so  striking  as  on  the  smooth  rock- 
surfaces  of  the  sea-shore.     Lustrous  sericitic  slates  occupy  the  shore  and 
the  cliffs  farther  southward,  while,  as  shown  on  the  one-inch  map,  a 
darker  belt,  probably  representing  an  infold  of  the  Barrule  Slates,   is 
exposed  in  the  hij^h  broken  precipices  of  Fheustal,  three-quarters  of  a  mile 
south  of  The  NiarbyL    The  same  cliff  is  traversed  by  a  band  of  tough 
ferruginous  rock,  in  places  30  feet  wide,  which  is  probablv  a  decomposed 
basic  dyke ;  and  several  other  similar  '  nard  bands '  of  inoefinite  character 
occur  between  this  place  and  Qob  yn  Ushtey.    In  approaching  the  latter 
locality  we  find  the  rocks  assuming  a  more  arenaceous  aspect,  with  gritty 
layers  which  are  frequently  broken  into  pebble-like  fragments,  forming  thin 
streaks  of  *  crush  conglomerate,'  as  may  be  well  seen  on  the  southern  side 
of  Gob  Breac  (six-inch  map.  Sheet  12).    Under  Gob  yn  Ushtey  we  encounter 
bands  of  rather  coarse  gnt,  in  the  vicinity  of  which  the  slaty  material  has 
become  schist-like,  through  shearing.    Among  the  numerous  dykes  in  this 
neighbourhood  is  one  which  has  a  width  of  20  feet.     It  adjoins  the  coarse 
grit,  near  the  cascade  formed  by  the  stream  from  Glion  Mooar.    Vein-quartz 
abounds  in  these  sections  ;  and  some  of  the  fractures  which  gash  the  cliff 
may  indicate  faults  of  consequence,  but  the  stratigraphy  is  too  confused  to 
enable  us  to  estimate  their  value.     In  the  face  of  the  cliff  100  yards  north 
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of   Qob  yn   Ushtey,  where  there  is  a  local  coincidence  of  bedding  and 
cleavage,  an  attempt  has  been  made  to  win  roofing  slate. 

South  of  Gob  yn  Ushtey  the  upper  portion  of  the  high  precipices  are,  for 
300  or  400  yards,  largely  composed  of  fiagfor  grits,  as  shown  on  the  map ; 
but  these  do  not  always  descend  to  the  shore,  whicn  is  stiU  chiefly  occupied 
by  dark  striped  slates  with  occasional  grit-bands.  It  would  require  a  long 
and  exceedingly  difficult  and  even  dangerous  investigation  to  unravel  the 
complexities  of  these  coast-sections.  For  lonjc  stretches  of  the  western 
coast  south  of  the  The  Niarbyl  it  is  only  poesiole  to  approach  the  base  of 
the  great  precipices  by  boat  on  the  rare  days  of  abeolute  calm ;  and  in  the 
few  places  where  a  precarious  descent  from  above  is  i»ucticabley  the  rough- 
ness of  the  block-strewn  shore  and  the  recurrence,  at  short  intervals,  of 
deep  water  channels  which  the  sea  has  scooped  out  along  the  crostied 
fracture-lines,  makes  any  progress  arduous  and  nsky.  Under  such  oonditioDS 
the  work  would  be  difficult  even  if  the  seology  were  simple ;  while,  as  the 
matter  stands,  this  coast  truncates  tne  central  axis  of  the  Island  and 
exhibits  every  form  of  complicated  structure  possessed  by  the  much 
troubled  massif. 

Of  the  numerous  dykes  in  the  next  half-mile  south  Qob  yn  Ushtey.  some 
belong  to  the  dark  less  altered  greenstone  groups  but  more  to  the  higUy 
sheared  calc-chlorite-schists  of  the  most  hopeless  type.  Among  the 
latter  is  the  dyke,  20  feet  wide,  at  Da  Leura  (of  the  six-inch  map;  the 
name  should  probably  be  written  Dal  Eura  or  Eairy\  of  which  a 
description  and  analysis  by  Mr.  Teall  is  given  at  p.  308.  Another  broad 
dyke-like  mass,  probably  i^eous  though  at  first  thought  to  be  a  pale  mud- 
stone,  occupies  the  clijff  at  Ooig  ny  Sevir,  200  yards  noith  of  Lag  »y  KreilUy 
where  Cbapcl  is  engraved  on  the  one-inch  map. 

At  Con  Shelhighy  500  yards  north  of  La^  ny  Keeilley,  a  beautiful  litUe 
fern-draped  cave,  into  which  the  sea  does  not  now  penetrate,  appears  to 
belong  to  the  Raised-beach  period,  and  affords  evidence  of  the  slow  rate  (A 
recession  of  this  coast.  The  cave  is  well  adapted  for  a  hiding-place,  and 
might  rei)ay  archaeological  investigation. 

In  the  circle  of  crags  surrounding  Lag  ny  Keeiileyy  and  also  on  t1  e  moor- 
land slope  above.  50  to  80  yards  N.  W.  of  the  boundary  between  the  panshes 
of  Patrick  and  Arbory,  we  encounter  the  most  northerly  examitJes  on  the 
west  coast  of  the  microgranite  elvans  of  the  Foxdale  type.  These  are  fine- 
grained pale  felsitic  dyke-rocks,  usually  highly  shearedL  which  might  readily 
1)0  mistaken  for  fine  grits.  They  are,  however,  cnaracterised  by  the 
pi*eHence  of  small  hexagonal  crystals  of  white-mica,  sparsely  distnbnted 
through  the  cry pto-crystal line  ground-mass.  Further  petrographical  details 
respecting  them  are  given  at  p.  316.  Like  the  Dhoon  elvans  of  the  opiraeite 
coast,  these  dykes  are  broken  in  the  moorland  exposures  into  disconnected 
shreds,  which  apparently  do  not  descend  directly  to  the  coast,  but  are  distri- 
buted en  Echelon  on  the  crest  of  the  southern  spur  of  Cronk  ny  Arrey  Lhaa, 
separate  segments  bein^  found  in  the  crags  Bvrroto  Sodjeyy  Bvrrow 
Meanagfiy  and  Burrow  mooary  whence  they  at  last  descend  to  the  coast, 
over  half  a  mile  south  of  their  nrst  appearance  on  the  brow  above. 

From  La{f  ny  KeeiUev  southward  to  Stroin  Vuigh  the  cliff  is  composed 
of  the  welded  dark  blue  Barrule  Slates,  which  descend  in  a  crumjrfed 
mass,  full  of  quartz  veins,  in  ranges  of  precimces,  from  the  summit  of 
Cronk  ny  Arrey  Lhaa  (1,449  feet)  to  the  sea.  Three  hundred  yards  north 
of  Stroin  Vuigh  one  of  the  Tertiary  (?)  olivine-dolerite  dykes,  3  feet  wide, 
striking  W.  15  N.,  emerges  in  the  cliff.  Immediately  to  ^e  southward  of 
Stroin  there  is  a  curious  plexus  of  dykes  of  all  ages  ;  along  with  several 
small  examples  of  the  sheaved  calc-chlorite-scbist  type,  we  find  here  a  less 
sheared  greenstone,  accompanied  and  ap])areutly  cut  by  a  small  Foxdale 
elvan,  and  the  two  intersected  by  an  olivine-dolerite  6  feet  wide.  A  little 
farther  southward,  under  AV  Fheastul,  a  twisted  and  disjointed  elvan 
about  10  feet  wide  wriggles  along  the  cliff-face  for  50  or  60  yarda  Too^ 
fibrous  slate  has  been  quarried  clo?e  bv. 
Slock.  At  Y  Slogh  (known  now  ay  The  Slockl  adjoining  *'  The  Stacks  "  of  the 
one-inch  map,  the  principal  batch  of  elvans,  after  hugging  the  Ixow  ol 
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the  precipice  as  already  described,  comes  down  to  the  shore  in  a  compli- 
cated group  of  segments,  a^in  accompanied  by  small  sheared  greenstones. 
The  elvTins  seem.to  be  d^pJaced  again  by  an  east  and  west  fracture,  along 
which,  in  the  cliffy  a  mining  level  has  been  driven  in  search  of  lead  ore  (see 
page  536).  The  country-rock  in  this  vicinity  is  a  jiale  somewhat  sandy 
flaggy  slatej  not  unlike  the  more  argillaceous  portion  of  the  Lonan  Flags. 

In  the  cliff  300  yards  farther  south  there  is  another  exposure  of  a  large 
elvan,  30  or  40  feet  wide.  This  el  van  is  distinctly  traversed  by  a  small 
flier  of  olivine-dolerite  about  one  foot  wide,  probably  an  offshoot  from  a 
broader  dyke  of  the  same  material  which  may  be  hidden  by  talus  in  an 
adjacent  gnaw. 

Haying  now  reached  the  southern  edge  of  the  Central  Division  (Sheet  12) 
on  this  coast,  we  will  turn  to  the  examination  of  the  eastern  coast  in  the 
division.  The  description  of  the  remaining  portion  of  the  western  coast  of 
the  Island  is  resumed  at  p.  171. 

Eastern  Coast  of  the  Central  Division. 

(Six-Inch  Sheets  11,  14,  and  13.) 

Commencing  at  the  northern  edge  of  Sheet  11  of  the  six-inch  map,  on 
the  eastern  coast  about  a  mile  to  the  northward  of  Laxey  Head,  we  find  Laxey 
that  for  some  distance  the  shore-line  nearly  coincides  with  the  strike  of  the  Head. 
rocks,  and  as  the  beds  are  inclined  steeply  south-east,  or  seaward,  the  cliff 
presents  the  typical  dip-slope  characters.  The  rocks  consist  of  Lonan  Flags, 
of  the  usual  type  and  with  the  usual  structure,  which  extend  from  this 
place  southward  to  Clay  Head  with  only  minor  changes.  Toward  Laxey 
Head  some  of  the  bands  are  peculiar  in  containing  cubical  crystals  of  pyrites. 
while  nodules  and  *  worm-tracks  *  are  common  in  many  places.  Several 
sm;^  dykes  of  greenstone  occur;  and  one  of  these,  best  seen  in  the 
neighbourhood  of  Skeirrip,  is  veined  with  quartz  after  the  manner 
of  the  Agneash  Grits.  Two  of  these  dykes  are  visible  in  the  low 
cliff  on  the  north  side  of  Laxey  Harbour.  The  notch  in  the  crest  of 
the  cliff  due  east  of  Skinscoe  farmstead  marks  an  old  channel  of  the  little 
Sirooan  ny  Qragee  which  now  pours  over  the  cliff  through  a  new  gully 
200  yards  farther  south. 

On  the  southern  side  of  Laxey  the  rocks  on  the  shore  at  high  water  con- 
tain the  hollows  left  by  decomposed  nodules,  which  have  given  rise  to  so 
much  discussion  xmder  the  supposition  that  they  might  be  "  footprints " 
(see  pp.  20, 90).  From  the  aspect  of  the  shore  opposite  the  village,  it  is  pro- 
bable that  Doulder-clay  underlies  the  beacn-material  in  a  pre-glacial 
prolongation  of  Laxey  Glen,  but  no  exposure  was  detected  during  the 
Survey. 

Dykes  of  greenstone  occur  in  increasing  numbers  southward,  being 
especially  plentiful  about  three-quarters  of  a  mile  south  of  Laxey.  Their 
direction  is  more  to  the  northward  than  usual,  being  approximately  N.E. 
A  fine  dyke  of  olivine-dolerite,  6  feet  wide,  is  visible  on  the  shore  800 
yards  north  of  Garwick.  Its  nortii  wall,  well  exposed  in  the  cliff,  shows  a 
cloee-set  system  of  parallel  joints ;  its  course  is  somewhat  abnormal,  being 
a  little  S.  of  W.,  but  the  ^ke  seems  to  have  been  slightly  displaced  by  a 
neighbouring  small  fault  Usually  when  one  of  these  dykes  is  found,  others 
are  not  far  distant ;  but  this  instance,  so  far  as  is  known,  is  solitarv,  its 
nearest  companion  being  one  and  three-quarter  miles  to  the  southward. 


Li  QarwicK  Bav  and  on  Clay  Head  fault-Hke  fractures  roughly  parallel  (j  *  r.-rj««^ 
to  the  strike  of  the  flags  are  very  numerous,  and  some  of  them  have  been  y\xy 
tested  for  metalliferous  ores  by  short  adits.    The  general  inclination  of  the 


contorted  bedding  continues  to  be  south-eastward  until  we  pass  Braggan 
Paint  (six-inch  Sheet  11),  when  it  swings  round  by  south  and  west 
(indicatmg  the  westerly  pitch  of  the  folds)  and  attains  a  steep  north-westerly 
direction,  which  thence  predominates  on  Clay  Head  and  the  coast  south- 
ivard,  as  far  as  Onchan  Harbour.  The  axis  of  the  synclinal  trough  runs 
roughly  parallel  to  the  coast  and  is  never  more  than  a  few  hundred  yards 
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inland  (see  Fig.  29,  p.  84).  The  S.S.E.  cleavage  is  not  affected  by  tlie 
reversal  of  bedding,  and  therefore  in  this  part  of  the  Island,  unlike  the 
nsual  conditions,  is  more  or  less  directly  transverse  to  the  bedding  planes. 
It  is  noteworthy  that  here,  as  on  Laxey  Head,  the  minor  plications  of  tht 
limbs  of  the  folds  are  often  so  arranged  that  their  axial  planes  ars 
parallel  to  the  cleavage,  as  described  and  figured  in  the  previous  nhBptst 
(Fig.  30,  p.  85).  The  narrow  belt  of  thick-bedded  quartz-veined  grits, 
described  on  p.  46,  which  appears  to  be  a  local  modification  of  the  Lonaa 
Flags,  is  intercepted  by  the  cliff-line  on  the  south  side  of  Qarwick  Bay, 
200  to  300  yards  S.E.  of  the  mouUi  of  Glen  Gavme, 

Among  the  dykes  of  this  part  of  the  coASt,  the  following  are  the  more 
,VY  Head,  notewortny.     In  Garwick  Bav  a  porphyritic  greenstone,   10  feet  widfi^ 
strikes  N.N.E.  across  the  beach  on  the  south  side  of  the  Glen.    Between 
Gob  ny  Stowell  and  Braggan  Pointy  600  yards  farther  to  S.K,  a  curious  bon 
of  diorite,  sheared  around  the  edges,  is  exi)osed  on  the  foreshore  (see  p.  300). 
It  contains  pinkish  patches  of  more  acid  composition,  recaUing  in  this 
respect  the  mica-trap  of  Groudle  (p.  302).     A  small  dyke  goes  out  from  it 
which  cannot  be  distinguished  from  the  usual  type  of  'greenstone.'   At 
The  Clytt  on  the  S.  side  of  Clay  Head,  a  dyke  of  unusual  diaracter,  about 
4  feet  wide,  strikes  S.W.  across  the  little  promontory,  and  thence  across  the 
shore  for  200  yards  (see  p.  328).    It  contains  large  pordbyritic  felspars  and  is 
uncrushed,  though  slightly  displaced  150  vards  S.  of  The  Clytt  dv  a  small 
N. — S.  fault    Its  joints,  like  those  of  the  adjacent  counts-rock,  are  in 
places  stained  with  hematite.     It  hades  with  the  S.K  cleavage  and  not 
with   the    N.W.    bedding.     It   is   evidently  newer   than    the   onihnaiy 
'greenstones,'  but  may  be  older  than  the  ouvine-dolerites  ;    there  seems 
to  be  no  other  dyke  in  the  Island  with  which  it  can  be  directly  compared. 
An  oUvine-dolerite.  4  feet  thick,  striking  N.W.,  is  seen  in  me  elm  450 
yards  S.  of  The  Clytt,  and  must  intercept  the  above-described  int^usioa 
at  about  200  vards  inland.    Several  broken  dykes  of  rough  slightly- beared 
quartz-veined  greenstone  occur  in  the  cliffs  farther  south;   the  smaller 
strike  N.E.  with  the  ^Qjts  ;  but  two  of  the  larger,  each  about  12  feet  wide^ 
1  mile  S.  of  Clay  Head,  have  apparently  a  transverse  direction. 

In  this  quarter  the  westerlv  pitch  of  the  troughs  and  crests  of  the 
folded  flags  is  well  seen  at  the  base  of  the  cliff. 

Entering  upon  Sheet  14  (six-inch),  we  find  a  plexus  of  greenstones  m 

»£T  Bath  Doo.  half  a  mile  east  of  Port  Groudle,  and  some  smaller  examples 

tciTDLE.      300  yards  farther  west,  the  latter  having  an  interrupted  course  S.W.,  to  t^ 

north  side  of  Groudle.     It  is  perhaps  the  same  group  which  reappears  on 

the  opposite  shore  of  the  Port,  60  to  100  yards  S.  of  the  shingle  beach. 

Besides  the  usual  crush- lines  and  cross- fractures,  the  sandy  flags  of  this 
locality  are  traversed  by  joint -like  planes,  inclined  at  about  30**  towards 
S.  25  E.,  thinly  coated  with  striated  vein-quartz.  These  are  independent 
of  both  cleavage  and  bedding. 

On  the  shore  of  the  westerly  shoulder  of  Port  Groudle,  250  yards  aoatli 
of  the  storm-beach,  a  mass  of  homblendic  mica-trap,  about  50  leet  wide,  ii 
exposed  (see  p.  302  for  petn^raphical  description).  It  is  a  dark  nucaceons 
rock,  somewhat  vesicular  at  the  margin,  permeated  with  veins  and  patches 
of  pinkish  material  more  acid  than  the  mass.  It  strikes  N.W.  along  tbe 
N.iiL  slopes  of  Banks  Howe,  being  visible  in  two  small  outcrops  in  the  park 
below  the  electric  tramwav  and  a^in  on  the  upper  side  of  the  Hne.  A 
better  exposure  occurs  higher  up  the  hill,  250  yards  (as  measured  on  the 
6-inch  map)  south  of  the  Groudle  Tram-Station,  where  its  strike  appears  to  be 
nearly  E. — W.  At  this  place  it  could  be  conveniently  quarried,  and  would 
probibly,  from  its  toughness,  furnish  useful  road  metal.  It  seems  to  occur. 
like  most  of  the  older  Manx  dykes,  not  continuously  but  as  a  series  oi 
lenticular  bosses.    No  trace  of  it  has  been  found  in  Groudle  Glen. 

A  smaller  dyke  of  quite  different  character,  apparently  one  of  tbe  less 
altered  greenstones,  is  also  exposed  for  a  short  space  on  Ban^  Howe,  00  or 

'  ^ards  west  of  the  most  westerly  outcrop  of  the  mica-diorite. 


^•r» 
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West  of  the  mica-diorite  the  coast  for  some  distance  runs  parallel  to  the  Norther 
strike  of  the  rocks.    The  flags  dip  into  the  cliff,  and  their  edges  protrude  side  of 
with  a  jagged  ladder-like  outline  very  diJBferent  from  the  dip-slopes  north  of  Douglas 
Laxey.     Shreds  of  narrow  '  greenstone  \  intrusions  occur  here  and  there,  Bay. 
strilmig  with  the  flags,  but   hading  with  the  cleavage  and  across  the 
bedding. 

In  Onchan  Harbour,  where  the  coast  recedes  into  the  trough  of  the  syn- 
cline,  the  beds  are  folded  almost  vertically.  The  N.N. W.  fractures  which 
have  given  rise  to  this  recess  seem  somewhat  to  shift  the  axis  of  the  trough, 
and  may  therefore  mark  faults  of  some  moment.  The  basic  dykes  are 
again  abundant  in  this  neighbourhood,  the  largest.  12  feet  thick,  crossing  the 
strike  of  the  flags  on  the  western  side  of  the  Harbour.  Several  smaller 
intrusions,  striking  with  the  country-rock,  cross  the  little  headland  into 
Part  Jack,  being  well  shown  in  the  tramway  cutting  under  Douglas  Bay 
Hotel.  The  westerly  trend  of  the  coast  having  now  carried  us  to  the  west- 
ward side  of  the  syncline,  we  find  on  rounding  the  headland  into  Douglas  Bay 
that  the  general  dip  of  the  flags  is  again  south-easterly. 

In  Fort  Jack,  a  little  to  the  westward  of  the  troug;h,  a  belt  of  quartz- 
veined  grits  like  that  of  the  north  side  of  Clay  Head  is  encounter^  and 
it  appears  probable  that,  as  shown  on  the  map,  a  more  or  less  continuous 
inland  strip  may  connect  the  two  localities  (see  p.  161),  though  if  so,  it  lies 
nearer  the  axis  of  the  syncline  at  Port  Jack  than  at  Clay  Head. 

The  low- water  rocks  on  the  broad  foreshore  of  Douglas  Bay  (6-inch  Sheet 
13)  are  for  the  most  part  greatly  obscured  by  seaweed.  They  consist  of 
Lonan  Flags,  rather  slaty  in  places  but  with  occasional  gritty  l)iui(ls,  much 
folded,  with  a  general  dip  at  high  angles  south-eastward  up  to  the  centre  of 
the  Bay  and  then  north-westward,  the  synclinal  trough  crossing  the  shore 
again  in  the  southern  part  of  the  Bay,  between  Conister  Hock  and  the 
mainland.  The  pitch  of  the  folds,  where  it  can  be  observed,  is  south- 
westward.  It  is  probable  that  a  thin  covering  of  drift  may  rest  on  the 
solid  rocks  in  some  parts  of  the  inner  curve  of  the  Bay,  where  the  beach 
is  covered  with  sand  and  shingle,  as  the  slope  in  the  southern  part  of  the 
town  is  drift-covered  to  its  base.  There  is  a  curious  gap  in  the  low- water 
scars  opposite  Broadtoay,  which  may  mark  a  preglacial  cnannel  (see  p.  446). 

At  the  northern  extremity  of  the  Bay  a  *  greenstone'  dyke,  10  feet  or 
more  in  width,  traverses  the  foreshore  to  the  eastward  of  Derby  Castle  ;  and 
what  is  probably  another  segment  of  the  same  strikes  into  the  cliff  behind 
the  Electric  Power  Station.  A  smaller  dyke  of  similar  character  is  seen  in 
the  stone-quarries  behind  the  houses  at  the  bottom  of  Bumtmill  Hill ; 
another,  or  the  sam&  is  visible  near  the  mouth  of  the  little  ravine  of  Glen 
Crutchery ;  while  other  thin  segments  occur  in  the  rock-face  behind  Mona 
Cliff  House  (of  6-inch  map) ;  in  the  ^unds  of  Falcon  Cliff ;  and  in  a  few 
places  on  the  shores  of  the  Bay  in  this  vicinity.  A  porphyritic  basic  dyke, 
2  or  3  feet  wide,  which  strikes  north-westward  across  the  shore  300  yards 
west  of  DerbjT  Castle,  appears  to  be  of  the  '  newer  greenstone '  tyx)e,  but  its 
relations  are  ill-defined. 

Near  this  place  the  discovery  of  pieces  of  graphite  on  the  shore  has  led 
to  the  driving  of  an  adit  northward  into  the  cliff  200  yards  west  of  Derby 
Castle,  and  it  is  said  that  a  lode  has  been  encountered  which  carries  a 
small  quantity  of  gold  (see  p.  548). 

On  the  southern  side  of  the  Bay  the  insulated  Conister  Rock  furnishes  Qntrm 
^ood  examples  of  the  smaller  ^eenstone  intrusions,  and  shows  the  manner  "^^^theb 
m  which  tney  are  cut  and  displaced  by  minor  faults.    Similar  dykes  are  SoSoijLg 
seen  both  outside  and  inside  the  harbour  in  the  rocks  on  which  the  New  g^y 
Fier  is  built  j  and  again,  on  the  opposite  side  of  the  Harbour,  in  the  quarry 
on    the   hillside   due  south  of   the  new  Swin^- Bridge.    The  extensive 
quarries  which  break  the  lower  slopes  of  the  hill  in  this  q^uarter  have 
sapplied  most  of  the  building  stone  for  Douglas.    Thev  are  m  slaty  flags 
witn  some  gritty  bands,  dipping  W.N.W.  at  angles  usually  between  65<>  and 
80*.    Higher  up  the  hill  are  the  ruins  of  an  abcxrtive  mining  trial  for  lead 
(p  544.) 
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On  Douglas  Head  outside  the  harbour,  a  S-ft  'greeiutoBe  '  ia  viaiUe  no 
the  foreshore  30  yards  east  of  the  outer  Pier.     Close  b^,  and  posdUr 

asBociated  with  it,  there  is  a  curious  pale  Beam,  an  inch  thick,  unong  the 
FWh,  like  those  noticed  at  Contrary  Head  and  Dalby  Point  (p.  148). 

Under  the  lighthouse  the  trough  of  a  fold  pitching  N.EL  ia  well  exposed. 
It  is  int«rru)ited  b^  a.  line  of  fracture  and  crushing  which  con  be  traced  in 
the  face  of  the  chff  south- westward  for  700  or  800  yarda.  There  are  two 
broken  greenstone  dykes  at  the  base  of  the  section  80  to  110  yaida  S.  of  ths 

Fio.  40.  Diagram  qf  diff  at  The  Whing,  north-east 
o/  Port  Soderick,  showing  varying  indinatum  of 
bedding-planes  of  griUp  flags  between  summit  and 
base  qf  section. 

Height,  about  300  feet 


^"^Pa;jv-"  -t^. 


Note.— The  tramway  cutting  is  indicated  in  the  upper  part  of  the  cUlt 

Lighthouse  ;  another  below  high-water  mark  at  Fiddlet'a  Green (Q-mAimD 
Sheet  131 500  yards  farther  S.W. ;  two  in  the  tramway  cutting  on  the  crest  M 
the  cliff  between  this  point  and  Pigam  Stream  :  another  in  the  rock-mlla  m 
both  sides  of  Slack  Indigo ;  and  othera  on  the  coast  and  in  the  tramway 
cutting  farther  westward. 

An  intrusion,  5  feet  wide,  of  different  Upe,  occurs  200  yards  W.  of  jUotl 
Indigo  (fiveBixthB  of  a  mile  from  Douglas  Head  JJghthouseX  ft 
strikeH  N,W.  up  the  face  of  the  cliff,  and  is  again  reveled,  in  tlte  con- 
dition of  weathered  ferruginous  spheroids,  in  the  tramway  cutting  above. 
Its  field-characters  suggest  that  it  might  be  classed  wit^theoliTin»^loleRte 
group,  but  its  petrogra])hical  examination  has  thrown  doubt  on  this  co(w 
ution  (see  p.  329).  In  the  cliff-section,  a  segment  of  this  d^e,  SCaMin 
length,  b  diapla(»d  10  feet  to  the  northward  between  two  BmaU  panJkl 
elides. 
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At  Peri  TTol^erry  there  are  indications  of  a  north  and  south  fault  of  some 
importance,  with  a  downthrow  eastward.  On  the  westward  side,  dykes 
make  Uieir  appearance  in  increased  numbers.  One  of  these,  10  to  15  feet 
wide,  is  more  or  less  continuous  for  about  200  yards,  between  Hone  Leap 
and  Purt  ny  Coatij  and  an  intrusion  of  similar  aspect  is  seen  at  low  water 
in  the  outer  rocks  of  Little  Ness.  Some  of  the  dytes  on  Little  Ness  seem  Little 
to  belong  to  the  '  newer  greenstone '  group  ;  but  it  must  be  acknowledged  Ness. 
that  whue  the  differences  between  extreme  exaniples  of  the  older  and  the 
newer  set  are  strongly^  marked,  there  are  many  individual  dykes  of  inter- 
mediate chsoucter  which  one  hesitates  whether  to  assign  to  the  one  set  or 
to  the  other. 

On  the  extremity  of  Little  Ness  two  threads  of  olivine-dolerite, 
respectivdy  3  inches  and  3  to  4  inches  in  thickness,  traverse  the  Fla^. 
Otner  threadsL  or  the  continuation  of  the  last,  6  inches  thick,  are  seen  in 
the  cliff  on  tne  western  side  of  the  Ness,  300  yards  farther  N.W.  It  is 
probable  that  these  are  fliers  from  a  broader  dyke  of  the  same  kind,  though 
none  such  has  been  actually  observed  in  the  vicinity. 

The  westerly  trend  of  uie  coast-line  brings  the  Douglas  Ba,j  syncline 
once  more  into  the  cliffs  at  The  Whing^  700  yards  west  of  Little  Ness, 
where,  owing  to  the  distortion  of  vertical  folds,  the  dip  of  the  flags  swin^ 
to  and  fro  between  the  top  of  the  precipice  and  the  bottom,  as  shown  m 
fig.  40. 

In  the  next  recess  and  on  the  coast  westward  the  general  inclination  is  Port 
towards  S.S.E.,  at  an  angle  usually  exceeding  60°.  in  the  rocky  spur  of  Soderici 
Cooleb^ad  some  thick  bands  of  pebbly  grit  and  quartz- veined  (][uartzite 
make  their  appearance,  amid  confused  faulting  and  partial  brecciation  of 
the  adjacent  flags.  They  probably  represent  the  northerly  extension  of 
the  rocks  of  Santon  (St.  Anne's)  Head  (see  p.  46  and  p.  184).  They  are  seen 
again  at  low  water  on  the  opposite  side  of  the  KeristaX  inlet,  and  pass 
omcurely,  amid  faults,  into  the  cliff  of  the  eastern  shoulder  of  Fort 
Soderick.  The  small  *  greenstones '  of  this  part  of  the  coast  are  too 
numerous  for  detailed  notice.  In  the  centre  of  Port  Soderick  an  olivine- 
dolerite  intrusion,  only  about  4  inches  thick,  strikes  north-westward  across 
a  foreshore  composed  of  contorted  strongly  banded  flags  which  dip  towards 
S.K  at  about  35«. 

We  have  now  reached  the  southern  edge  of  6-inch  Sheet  13,  the  limit 
adopted  for  the  Central  division  of  the  Island :  the  more  southerly 
portion  of  the  eastern  coast  will  be  described  on  subsequent  pages  (pp.  182-4)^ 
and  we  will  now  discuss  the  interior  of  the  Central  division. 

Interior  of  the  Central  Division. 

(6-t9ic^  Sheets  9,  10,  11,  12  and  13.) 

The  description  of  the  area  bordering  the  west  coast  north  of  Peel . 
(N.W-  portion  of  Sheet  9),  supposed  to  be  underlain  by  the  Peel  Sandstone,  i?.!????? 
will  be  found  in  Chapters  IV.  and  IX.  (p.  277  and  p.  467).  To  the  eastward  ^p  pfj,; 
of  this  tract  the  Slate  Series  rises  up  in  a  range  of  steep  slopes  suggestive 
of  an  ancient  sea-margin.  The  crest  of  the  slope,  from  Knocksharry  south- 
ward to  Poortown,  seems  from  the  dt^bris  in  the  soil  to  be  occupied  chiefly 
by  thick-bedded  quartz-veined  grits,  which  are  however  actually  seen  only 
in  a  few  places,  in  the  comers  of  fields  between  Lhergydho  and  Rockmount. 
The  ffrits  are  flanked  on  both  sides  by  variable  banded  flaggy  slates  of  the 
usual'  unsepaiated  *  type.  Except  for  the  intervention  of  another  thin  strip 
of  grit,  unsatisfactoniy  exposed  around  Ballavaish  and  Staarvcv^  these 
slates  extend  eastward  up  to  the  belt  of  Bamile  Slate  through  which  the 
Neb  has  carved  its  canon-like  valley.  An  isolated  hillock  of  banded  slate 
with  gritty  intercalations  rises  above  the  low  drift-plateau  to  the  westward 
^  the  railway  near  Peel  Boad  Station,  like  an  outstanding  Stack  of  the  old 
shore. 

The  chief  interest  of  the  district  centres  in  the  size  and  variety  of  its 
igneous  intrasiona    At  Lhergydho  (near  the  northern  margin  of  Sheet  9), 
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a  quarry  haa  been  opened  by  the  side  of  the  road  adjoining  the  farm  in  t 
mass  of  altered  gnt-like  rock  whose  igneous  origin  was  only  reoogniaed 
after  careful  petrographical  examination  of  selected  fra^ents  (see  p.  317)i 
It  seems  to  oe  a  microgranite,  but  different  from  either  the  Dho(»i  or 
Foxdale  types.    As  most  of  the  ground  in  the  district  had,  however,  been 
surveyed  before  the  true  character  of  this  rock  was  discoverecL  it  is  possible 
that  slight  outcrops  in  other  places  ma^  have  been  overlookea  or  mistakeo 
for  grits.    The  intrusion  appears  to  strike  N.N.K  across  the  road,  bat  its 
boundaries  are  obscure.     It  is  probably  older  than  the  above-mentiooed 
granites  (see  p.  319). 
PooRTOWN.       A  mile  farther  south,  we  encounter  the  largest  basic  intrusion  of  the 
Island.     Where  best  exposed,  in  a  large  ouarry  on  the  north  side  of  the 
high-road  at  Poortown,  |  mile  east  of  Peel  Road  Station,  this  is  a  haodaome 
dark-green    i)orphyritic    rock    crowded  with  augite  cnrstals,  whidi  hu 
attracted  the  attention  of  many  previous  observers  (see  p.  304).    Two 
hundred  yards  farther  east,  in  smaller  quarries  on  both  sides  of  the  roid, 
much  iiner-grained  material  is  revealeo,  in  contact  with  baked  aplinteiy 
flags  ;  and  this  material  has  been  considered,  on  petrographical  grounda,  to  be 
a  separate  and  newer  intrusion,^  but  the  field-evidence  is  more  favoiinble 
to  the  view  that  it  is  simply  the  more  quickly  cooled  margin  of  the  ooaner 
mass.     The  igneous  rocK  may  be  traced  E.N.K  across  the  fields,  bgr 
ploughed-up  fragments  and  by  small  openings  made  for  fencing  mat^ial,  in 
a  belt  100  to  200  ^ards  wide,  extending  for  700  vards  from  the  quarrieB  to 
within  a  short  dustance  of  the  road  to  Lhergvdho,  250  yards  li.  of  Bock- 
mount  farm  ;  and  wherever  seen  it  is  fine  at  the  margin  and  coarse  in  tbo 
interior  as  in  the  exposures  in  the  quarries.    Its  extension  northward  from 
Poortown  (see  one-inch  map)  is  somewhat  problematical,  the  only  evidence 
being  the  presence  of  rock-fragments  in  the  ploughed  fielas,  which  cannot  be 
explained  by  glacial  a^ncy.    The  westerly  boimdary  of  the  intrusion  ie 
obscured  by  drift,  but  the  coarsely  crystalline  character  of  the  rock  where 
last  seen  in  this  quarter  indicates  that  it  may  once  have  extended  for  some 
distance  farther,  though  now  probably  truncated  by  the  prolon^tion  of  the 
eastern  boundary-fault  of  the  Peel  Sandstone.      Its  easterly  Doundary  is 
also  obscure,  and  may  be  dependent  upon  another  north  and  south  faolt, 
perhaps  a  branch  of  the  alx>ve-mentioned,  since  in  the  road-cutting  300 
vards  S.S.E.  of  Rockmount  the  slat^ds  are  shattered  and  decomposed^  as  if 
by  a  line  of  dislocation  ;  some  pinkish  ashy-looking  felspathic  bands  in  thii 
cutting  deserve  remark,  though  too  decomposed  to  yield  mudi  informatkn. 
In  its  original  shape  the  intrusion  was  probably  a  lens-like  sheet  indinmg 
north-westward.    There  can  be  little  doubt  that  the  mass  is  connected  with 
a  chain  of  smaller  intrusive  bosses  of  nearly  similar  composition  whidi 
ranges  from  N.N.E.  to  S.S.W.  in  this  part  of  the  Island.    To  the  northward 
we  find  scattered  links  of  this  chain  in  some  low  slightlv  Quarried  outcrops, 
extending  for  about  100  yards,  in  the  fields  600  yards  N.^.E.  of  Ballavaish 
Moar  (near  the  northern  eidge  of  Sheet  9)^nd  in  the  exposures  at  Oronk  y 
Yoddee  previously  described  (p.  137).      The  southerly  prolongation  of  thle 
chain,  south  of  the  Neb,  will  be  subsequently  noted. 

A  small  quarry  in  a  field  150  yards  west  of  the  road  rather  over  half  a  mile 
north  of  Staarvey  reveals  a  characterless  rock  which,  if  not  a  weathered 
ffrit,  may  be  allied  to  that  of  Lhergydho.  To  the  eastward  of  Qlen  Helen, 
bosses  of  pale  rock  of  felsitic  aspect,  almost  certainly  of  igneous  origin, 
are  exposed  close  by  the  farmstead  ot  Eairy  Moar,  and  in  a  small  ouany 
400  yards  farther  due  S.,  just  within  the  mountain-fence  endosing  Beaiy 
Pairk. 

The  Neb  has  no  doubt  at  one  time  reached  the  central  valley  throng 
the  dry  gap  at  Ballacraino,  where  the  high-road  turns  off  to  the  nora- 
ward.  By  the  present  westward  deflection  of  the  river  at  Ballig,  Cronk 
Grtanagh,  a  rocky  hillock  of  Barrule  Slate,  is  left  between  the  old  and  new 
valleys,  like  Cronk  Sumark  at  Sulby,  to  guard  the  entrance  of  the  Glen. 
Above  the  bend,  in  the  part  of  the  valley  known  as  Olen  MoaVj  we  find 

^  seeB.  Hobson,  Quart  Joom.  G^L  Soa,  vol.  xlviL,  p.  449. 
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good  expoBorefi  of  Bamile  Slate  in  some  extensive  slate-trials  on  the  western 
slope,  while  the  eastern  hiU-side  is  drift-covered  for  more  than  a  mile.  In 
the  cra£s  to  the.  westward  of  the  approach  to  Qlen  Helen  a  small  green- 
stone dyke  is  visible.  The  bottom  of  the  valley  in  this  and  the  higher 
portion  of  its  course  begins  to  show  the  banded  unseparated  rocks  in  places  : 
and  above  the  much  visited  waterfall  of  Rhenas  (western  edge  of  Sheet  10) 
the  stream  flows  over  striped  rather  sandy  flags,  ^dth  a  general  N.W.  dip, 
resembling  the  more  slaty  portion  of  the  Lonan  Fla^  *  but  a  mile  farther 
up  it  again  enters  the  Barrule  Slates.  Above  Glen  Helen  the  river  receives 
no  feeders  on  its  western  side,  but  on  its  eastern  is  joined  by  four  important 
tributaries  flowing  W.N.W.  in  regular  parallel  courses.  The  beds  of  these 
sU^ams  for  the  most  part  show  bare  rock,  and  they  afford  practically  the 
only  opportunity  for  studying  the  upper  basin  of  the  river,  the  intervening 
moorhuid  ridges  being  mostly  drift-covered.  In  going  eastward  up  Blabae 
River  the  more  southerly  of  these  streams,  we  continue  for  500  yards  on 
the  striped  slatv  flags ;  then  cross  a  belt  of  dull  black  welded  slate  300 
yards  wide,  perhaps  a  subsidiary  infold  of  the  Barrule  Slate  ;  then  strii)ed 
fla^  again  for  300  to  400  yards  :  then  flaggy  grits,  somewhat  massive,  with 
thick  partings  of  slate  ;  and  finally  stripedflaggy  slates  once  more  ;  but  n 
no  case  are  the  boundaries  of  these  divisions  well  defined. 

The  same  sequence  is  repeated  in  the  next  stream  to  the  northward,  which 
flows  jpast  Ballashimmin.  This,  however,  reaches  back  farther  east  than  the 
last,  mto  a  higher  belt  of  grits ;  and  then  into  the  crush-conglomerate 
described  in  the  last  chapter  (p.  58).  In  the  next  two  ^lens,  Glion  GUI 
and  Hhencu  Eivtr,  the  ex]X>sures  are  not  sufficiently  continuous  to  reveal 
the  succession.  In  all  the  streams,  while  the  general  dip  is  N.W.  or 
W.N.W.,  local  reversals  to  the  opposite  quarter  are  occasionally  found, 
especially  in  the  gritty  rocks.  Tnis  belt  of  *  unseparated  *  rocks  seems  to 
represent  the  prolongation  of  the  beds  forming  the  Sartfell  and  Slieau  Cum 
ridge  ;  and,  as  in  that  area,  igneous  intrusions,  at  any  rate  in  a  form 
recognizable  as  such,  are  of  rare  occurrence. 

Rocks  of  the  same  general  character  occupy  the  hills  bordering  the  basin  hills 
on  the  eastward,  including  Slieau  Maggie,  Golden  Mountain,  Lhargee  Ruy,  between 
Slieau  Ruy  and  the  greater  part  of  (jrreeba  Mountain  (Sheets  7  and  10) ;  the  basiij 
and  extend  over  the  watershed  to  the  heads  of  the  streams  draining  into  of  the  N^ 
the  River  Glass,  up  to  the  principal  belt  of  Barrule  Slate  on  Beinn-y-  and  Glas 
Phott,  Garraghan,  and    Greg    Awhallan.      On  crossing  this  watersh^,  RiVERfr. 
however,  we  come  within  the  range  of  the  intrusions  which  were  con- 
spicuous in  the  .Grammag  and  Lherj^henny  tributaries  of  the  Sulby  River 
(pp.  138-9).  These  are  well  exposed  in  the  bed  of  Ipjebreck  River,  a  feeder  of 
tae  Glass,  where  examples  of  the  Foxdale  microgranites  and  of  the  altered 
ipreenstones  are  visible  at  several  points,  from  200  to  900  yards  W.  of  the 
hotel    East  and  north-east  of  Iiyebreck,  also,  in  the  upper  reaches  of  the 
Glass,  small  outcrops  of  altered  actinolitic  basic  dykes  are  seen  60  yards  below 
the  old  1^^  trial  and  200  yards  above  it,  and  more  extensive  exposures 
in  the  banks  of  the  side  glen  leading  off"  to  the  eastward,  700  yards  above 
the  mine.    At  the  head  of  the  last-named  little  glen,  there  is  a  seam  of  soft 
clayey  material    which  is  probably  a  decomposed  dyke  ;   and   another 
similar  band  occurs  in  the  north  fork  of  Golden  River,  where  there  are 
indications  that  the  original  rock  was  a  microgranitc.    Other  intrusions 
of  the  *  greenstones  *  were   observed  in  the  upper  part  of  the  crags  of 
Gkurraghan  overlooking  the  Glass  Valley  ^  in  the  bed  of  Golden  River, 
20  varas  below  the  bridge  of  the  mountain-road  ;  in  The  Greg,  400  yards 
S.W.  of   the    old    slate    quarries,  and   on    the   rocky  slope   300   yard^ 
farther  W.,  above  Atcin  ny  Darraxfh  ;  in  Braid  ny  Scarrag,  at  the  head  of 
the  Awin  ;  on  the  crest  o/  Lhargee  Ruy,  800  yards  S.  of  the  junction  of  the 
boundaries  of  the  parishes  of  Braddan,  Michael,  and  German  ;  on  the 
Slieau   Ruy,  at  points  150  and  250  yards  N.E.,  and  460  yards  W.  of  the 
summit ;  and  on  Greeba,  60  yards  S.,  and  again  250  yards  E.  of  the  cairn. 

Exposures  of  the  microgranite  or  elvan  type  occur  at  intervals  throughout 
the  same  range,  again  in  such  manner  as  to  suggest  that  most  of  the  out- 
crops may  represent  the  displaced  segments  of  a  single  dyke.    Goming  S.W 
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from  the  above  described  example  in  Ii\jebreck  River,  we  find  the  moximity 
of  an  elvan  indicated  by  debris  at  the  roadside,  800  yards  dae  E.  of  Uie 
summit  of  Golden  (at  *^Sheep/old"  of  6-inch  Sheet  10).     The  same  kind 
of  rock ,  10  to  20  feet  thicK^  is    visible  at    the  source    of   the  sooth 
fork  of  Colden  River ;  and  again,  600  yards  farther  to  S.W.,  on  the  (rfher 
side  of  the  moorland  ridge,  at  the  head  of  a  gully  draining  into  Awin  njf 
JDarragh.    The  next  exposure  is  a  mile  distant,  on  the  very  mimmit  (tf 
Slieau  Ruy,  where  the  elvan  is  full  of  vein-auxrtz  and  is  hi^ j  sheared, 
though  not  so  greatly  altered  as  farther  soutn.    A  broad  vem  of  qnaiti 
crops  out  on  the  lullside,  100  to  200  yards  to  the  eastward,  and  then 
appear  to  be  extraordinary  complications  in  its  vicinity,  but  the  rod^- 
exposurcs  arc  scant}[.    Two  hundmi  yards  to  the  westward  of  the  sommit 
there  is  so  much  microgranite  rubble  in  the  old  moorland  path  tint  we 
cannot  doubt  the  presence  of  the  elvan  at  this  spot,  though  it  lies  quite  oat 
of  the  line  of  strike  of  the  last  exposure.    On  Greeba  Mountain,  800  yards 
S.W.  of  the  top  of  Slieau  Ruy,  we  can  trace  the  elvan  for  some  mstanoe  on 
the  crest  of  the  western  slope  of  Braid  ny  Boshen.    It  is  here  from  15  to  20 
feet  thick,  and  has  been  crushed  in  places  into  a  platy  schist.    Interestinf 
mineralogical  changes,  including  the  development  of  secondary  garnet  and 
chloritoid,  which  appear  to  be  due  to  the  crushing  (see  p.  318),  may  be 
observed  in  it  in  this  neighbourhood  ,especiallv  in  the  strip  which  torms  low 
crags   500  to  600  yards  farther  south,  or  about  150  yards  S.S.E.  of  Uie 
cairn   on  the  summit  of  Greeba.    Farther  southward  on  the  mountain  no 
exposures  of  the  intrusion  liave  been  detected. 

The  mode  of  occurrence  of  the  bands  of  Barrule  Slate  on  both  sideB  of 
Greeba  Mountain  have  been  sufficiently  described  in  the  previous  chanter 
(pp.  51-2) :  as  also  the  presence  of  a  wedge  of  grits  near  Ballagara^an, 
l^tween  Greeba  and  St.  Johns  (p.  49). 

Continuing  eastward  on  the  same  parallel,  north  of  the  central  valley  (six- 
inch  Sheet  10),  wc  cross  the  structural  axis  where  the  sloping  ground  near 
that  valley  is  ehiefiy  drift-covered,  with  scanty  rock  exposures  at  intovak 
Sandy  flags,  dipping  E.S.E.,  are  seen  in  a  quarry  at  Crosby  150  yards  N.  of 
the  main  road ;  and  in  a  few  places  in  the  drainage  channels  on  the  slope 
north  of  the  village ;  and  agtiin  in  the  little  gully  150  vards  east  of  toe 
church  ;  and  in  a  similar  channel  crossed  by  the  high  road,  rather  over  half 
a  mile  farther  east.  The  slope  has  been  strewn  in  many  places  with  large 
boulders  of  beautiful  actinolitic  greenstone  and  microgranite,  which  are 
now  built  into  the  fences  ;  but  it  remains  uncertain  whether  these  denote 
concealed  outcrops  in  the  neighbourhood  or  have  been  transported 
across  the  intervening  ridge  from  the  Baldwin  basin  by  glacial  agency 
(see  p.  454). 

On  the  crest  of  the  slope,  where  there  are  several  craggy  outcropB  of  the 
sandy  flags,  a  tough  altered  'greenstone,'  10 feet  wide,  which  would  fnmiali 
useful  road  metal,  is  exposed  on  Cronk  Breac  150  yards  N. W.  of  Bnid, 
along  with  a  second  dyke,  6  feet  wide,  of  similar  material  greatly  sheared, 
180  yards  farther  to  N.W. 

In  descending  into  the  valley  of  the  Glass  or  West  Baldwin,  above  its 
junction  with  the  Baldwin  or  East  Baldwin  stream,  we  croes  the  most 
southerlv  recognisable  outcrop  of  the  Agneash  Grits  on  the  eteep  slope 
north  ojf  Mount  Rule  (see  p.  41).  At  the  rig[ht-angled  bend  of  tae 
river  north-west  of  this  exposure  we  pass  onto  smped  sreyish  sandy  rocb 
with  occasional  grit  banas,  left  as  unseparated  on  the  map,  but  modi 
resembling  the  Lonan  Flags  ;  and  the  same  type  continues  to  predoounate 
nearly  up  to  Ipjebreck,  so  far  as  one  can  judge  from  the  places  not  covered 
by  the  drift  and  alluvium  with  which  the  valley  is  encumbered.  The 
same  conditions  arc  also  found  in  the  lower  portion  of  Aunn  ny  Darraak 

At  Ballachrink,  in  the  little  ravine  of  a  small  feeder,  50  yards  west  of  the 
main  stream,  a  broad  elvan  of  the  Foxdale  type,  seemingly  the  prolongation 
of  the  great  Crosby  dyke  (p.  168),  is  revealed  ;  and  is  repeated  in  the  same 
gully  80  yards  farther  westward  a  little  below  the  hi^  road ;  and  again 
where  bare  rock  is  exi)osed  at  the  farmstead  just  above  the  road.  In  the 
main  glen  three-quarters  of  a  mile  farther  up-stream,  500  yards  N.  of  the 
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junction  with  the  Datragh  at  Baldwin,  a  much  crushed  mass  of  pale  felsiti 
rock  occurs  in  the  river-bed,  but  the  identity  of  this  materi^  with  th 
elyan  has  not  been  established. 

Two  smaller  dykes  of  a  more  basic  type  are  visible  in  the  stream  within 
100  yards  north  of  this  place;  and  above  this  there  is  little  to  see  in  the 
valley  except  drift  and  alluvium  until  we  reach  Ipjebreck.  The  old  lead 
trial  on  the  east  bank  at  Baldwin  is  described  at  p.  543. 

On  the  cultivated  ridge  between  West  and  East  Baldwin  the  only  notable 
outcrop  of  solid  rock  is  on  Cronk  y  Keeill  Abban,  the  site  of  the  old 
IVnwald.  north  of  St.  Luke's  Church.  A  small  quarry  300  yards  N.  by  E. 
of  the  Cnurch  is  opened  in  dark  blue  spotted  altered  slate ;  while  on  the 
steep  brow  to  the  westward  a  crush-conglomerate  of  sandy  slate  is  sparingly 
exhibited,  and  also  a  greenstone  dyke,  about  8  feet  in  width. 

llie  parallel  valley  of  East  Baldwin  contains  little  that  is  noteworthy  Valley 
until  we  gain  its  upper  reaches.    As  a  rule  the  country-rock  is  more  gritty  of  the 
than   in  the  sister-stream,  and  above    Adderry  and  in  the  Creg-y-cowin  Baldwiij 
tributary   (^uartz-veined  grit-bands    of    the   Agnea^h  tjrpe  are  frequently 
expoecd,  with  their  slaty  partings  often  speckled  with  secondary  minerals 
and  frilled  with  intersecting  cleavages.     The  prevalent  dip,  as  in  West 
Bald¥rin,  is  usually  to  N.W.  or  W.N.W.,  but  the  beds  are  often  nearly 
vertical.    At  Ballawyllin  the  dismantled  **  Ohio  Mine  "  (see  p.  543)  adds  one 
more  to  the  list  of  abortive  searches  for  lead  in  the  centr^  part  of  the 
Island. 

Along  the  western  edge  of  the  A^eash  Grits  the  metamorphism  both  of 
the  country  rock  and  of  the  basic  intrusions  reaches  its  maximum.  Small 
hi^dy  altered  greenstones  are  exhibited  in  three  places  in  the  bed  of  the 
main  stream  near  the  Dhoon  farmstead ;  and  again  m  the  gully  of  the  little 
feeders  north  and  south  of  this  place  :  and  in  CHion  Feeagh  the  west  branch 
of  Baldwin  River,  500  yards  north  of  Dhoon.  In  the  east  branch  similar 
Ofutcrops  are  seen,  300,  400  and  800  yards  above  the  fork,  the  last  being 
distant  only  200  yards  ^om  the  exposure  on  the  lower  slope  of  Beinn- 
y.Phott  to  which  attention  has  already  been  called  (p.  139). 

The  high  ground  forming  the  watershed  between  the  Baldwin  and  the  Eastern 
Laxey  basins  in  Sheet  10,  south  of  Mullagh  Ouyr,  including  Cam  Geijoil  ^^y^  q^  f^ 
(1,430    feet)   and   Slieau  Ilee  (1036    feet\    is  mainlv   composed  of  the  Baldwin 
highly  contorted  quartz-veined  Agneash  Grits,  in  which  we  find  a  pre-  basin. 
valent  tendency  of  the  bedding  towards  W.N.W.,  but  with  numerous 
local  modifications.     Except  on  Carn  (3erjoil  and  Gob  y  Creggagh  three- 
(|iiarters  of  a  mile  farther  west,  the  exposures  are  not  extensive  ^  but  there 
is  no  lack  of  minor  outcrops.    A  small  *  greenstone '  intrusion  is  visible  in 
one  of  these  patches  of  bare  rock,  1150  yards  north  of  Bcdliargey. 

The  south-eastern  flank  of  the  ridge  is  drained  by  the  Abbey  Lands  or 
Little  Sulby  River.  The  sandy  and  slaty  flags  over  which  this  stream 
flows  are  conterminous  eastward  with  the  -Lonan  Flags  of  the  coast,  and 
are  shown  on  the  one-inch  map  as  part  of  that  division.  It  must  be 
acknowledged,  however,  that  there  is  little  or  no  difference  to  be  noted 
between  them  and  the  *  unseparated '  rocks  of  the  West  Baldwin  valley 
(see  p.  9)).  The  lower  part  of  the  stream  nearly  coincides  with  a  sharp 
synclinal  trou^  in  the  nags.  In  its  higher  portion  the  common  direction 
of  dip  is  to  N.W.  or  W.N.W.  at  high  angles :  but  the  inclination  of  the 
cleavage  is  in  the  reverse  direction,  or  toward  E.  or  E.S.E.,  as  usual  on 
the  eastern  side  of  the  central  axis.  In  the  rising  ground  between  this 
stream  and  Groudle  River  wherever  the  flags  are  exposed,  as  at  Oob-na-geay, 
GlemdhoOy  Cronk-ny-mona,  etc,  both  their  bedding  and  cleavage  planes  dip 
south-eastward. 

The  deep  hollow  between  Carn   Gerjoil  and  Mullagh  Ouyr  is  drained  q^^j^   R(; 
by  a  number  of  small  streams  which  unite  and  flow  into  Glen  Roy  a  mile  j^jy 
above  Laxey.    Above  their  union  the  beds  of  these  streams  usually  reveal  pEEDEgg 
gritty  flags,  which  though  mapi)od  with  the  Agneash  Grits  might  with 
almost  equal  reason  have  been  placed  with  the  Lonan  Flags,  their  smoothly 
waterwom  and   often  moss-covered  surfaces  scarcely  affording  adec^uate 
evidence  for  discrimination   between  gritty  flags  and  flaggy  grits.    The 
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prevalent  dips  are  towards  N.W.  or  W.N.W.;  but  between  the  onion  of 
the  rivulets  at  BiUkLchoan  and  the  junction,  a  half-mile  below,  of  their 
combined  stream  with  Glen  Roy,  the  inclination  of  the  ^atly  crushed 
and  welded  flags  swings  round  to  the  exceptional  direction  of  W.S.W., 
indicating  a  westerly  pitch  of  the  composite  folds  of  the  central  axis  in  this 
neighbourhood.  Some  traces  of  basic  igneous  intrusions  may  be  detected 
in  this  Quarter,  but  they  are  so  crushed  and  altered  as  to  be  scarcely  re- 
cognisable in  the  insufficient  outcrops. 

Better  exposures  of  the  dyke-rocks,  including  the  Dhoon  microgranite 
el  vans,  are  found  nearer  the  headwaters  of  the  individual  streams.  In 
the  most  easterly  of  the  streams  these  are  visible  in  four  places,  in  a 
distance  of  400  yards  between  the  head  of  the  west  fork  and  Close  Mooar. 
A  broadish  dyke  of  tough  'greenstone'  is  revealed  in  the  same  stream, 250 
yards  due  S.  of  Close  Mooar.  Other  exposures  of  microgranite  occur  in 
the  gutter  descending  from  the  col  between  Cam  Gterjoil  and  Mullagli 
Ouyr,  200  to  400  yards  east  of  the  Douglas  and  Snaefefl  high  road ;  and 
on  the  same  hillside  one-third  of  a  mile  farther  east,  at  the  comer  of  the 
fence  of  an  old  enclosure,  100  yards  below  the  cross  road  to  Laxey.  These 
are  the  most  southerly  localities  at  which  the  elvans  of  this  group  have 
been  recognised  with  certainty.  If  continued  along  the  same  strike  they 
should  be  found  in  the  same  district  as  the  Foxdale  elvans  in  the  Baldwin 
basin,  but  the^  have  not  yet  been  recognized  there.  Their  discovery  in  thii 
area  might  a£K)rd  data  for  determining  the  relative  age  of  the  two  granites 
(see  p.  312) ;  and  a  careful  re-examination  of  the  Baldwin  valley  with  this 
point  in  view  micht  possibly  be  successful,  as  dvkes  were  observed  in  that 
locality,  the  relations  of  which  have  not  been  definitely  established 
{scQante  p.  159). 

In  the  upper  part  of  Glen  Roy  only  two  or  three  small  dykes  of 
greenstone  were  noticed.  A  small  quarry  behind  the  buildings 
of  the  old  mine  (p.  529)  exhibits  an  intrusion  of  greenstone  15  feet  or 
more  in  width,  and  large  blocks  of  the  same  rock  are  scattered  on  the 
steep  hillside  S.W.  of  this  place.  Below  the  mine  the  sedimentary 
rocks  resemble  in  character  and  complexity  of  structure  those  already 
described  in  the  lower  part  of  the  tributary  glen.  Four  small  *  greenstone' 
dykes  were  observed  below  the  junction  of  the  valleys,  at  the  distances, 
respectively,  of  500,  900,  1,200  and  1,750  yards  above  the  main-road  bridge 
in  Laxey  village. 
The  watershed  south  of  Glen  Roy  (Sheets  10  and  11)  coincides  roughly 

STRICT        for  some  distance  with  the  parish  boundary  between  Lonan  and  Oncnan. 

^*  ^p     •<    I^  consists  of  a  moorland  ndge  occupied  by  the  weathered  Lonan  Flag! 

KN  RoY|  generally  thinly  covered  with  rubble  and  wash,  but  with  frequent  exposure! 
of  bare  rock.  It  is  curiously  channelled  in  places  by  transverse  hoUowa 
excavated  in  the  rock,  prolmbly  by  streams  from  tne  waning  ice-sheet 
(see  p.  363).  On  Slieau  Meayl,  the  westerly  part  of  this  ridge,  there 
is  a  rather  good  exposure  of  an  altered  dioritic  greenstone,  about 
10  feet  wide,  in  the  low  crags  a  few  yards  beyond  the  mountain-fence 
800  yards  N.E.  of  the  Craig-ny-Baa  Inn  on  the  Snaefell  road,  which  may 
represent  the  same  intrusion  as  that  above-described  at  the  Glen  Roy 
Mine.  Traces  of  other  smaller  greenstone  dykes  were  observed  farther 
east,  on  the  moorland  N.  and  N.E.  of  Injai<fn  and  in  the  old  road 
down  the  ridge  between  CJooil  Roi  and  Barroose. 

There  are  indications  that  in  the  neighbourhood  of  Caunrhenny  (Sheet  11) 
one-third  of  a  mile  N.E.  of  Ennemona,  the  outcrop  of  a  more  importuit 
intrusion,  of  somewhat  unusual  tyj>e,  may  be  concealed  by  the  thm  drift 
and  rubble.  Blocks  of  a  pinkish  micaceous  rock,  perhaps  a  mica-trap  like 
that  of  Port  Groudle,  are  common  in  the  fences  ;  whne  the  soil  in  the 
cultivated  land  120  to  200  yards  due  S.  of  the  farmstead  is  full  of 
similar  rubble  which  can  scarcely  have  been  derived  from  the  glacial 
deposits  of  the  neighbourhood,  and  probably  denotes  a  subjacent  outcrop. 

;ouDLS  f  ^®  ^^  ^^  Groudle  River  and  that  of  itsparallel  tributary,  the  BallaooUier 

VEE.  River,  lie  entirely  within  the    Lonan    Flags.      There  is  much  drift  in 

the   upper  part  of  the  basin,  but   below   the  junction  of  the  streams 
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the  valley-slopes  are  chiefly  of  rock.  The  prevalent  diiw  in  both  streams, 
northward  of  Clypse,  are  steeply  north-westward  ;  but  from  their 
junction  to  the  sea  the  ^'eneral  inclination  is  e<iually  steei)ly  in  the 
opposite  direction,  the  beds  l)eing  nearly  vertically  folded  in  a  few 
exposures  in  the  intervening  l)elt.  Two  small  greenstone  dykes  were 
noticed  on  the  N.E.  side  of  the  valley,  ^  mile  above  W/nfe  Bridge 
where  the  main  rc»\d  frc.m  Douglas  to  I^axey  crosses  the  stream. 

The  pictures<iue  gully  cut  deeply  in  solid  rock,  in  which  a  feeder  from 
the  north  joins  the  nmin  stream  in  the  enclosed  i)leiusure-ground  near 
Groudle  Tramway  Station,  is  a  tyjjical  Manx  ix)st-glacial  ravine.  It 
might  be  made  to  aucid  e  rough  n.essure  of  the  time  whicli  has  elapsed  since 
the  disappearance  of  the  ice-sheet.  In  the  bed  of  this  feeder,  ^  mile 
above  the  junction,  and  in  the  adjacent  tramway  cutting  there  is  an 
exjiosure  of  massive  quartz-veined  grits  like  those  of  the  north  side 
of  Clay  Head  (p.  152) ;  and  the  same  belt  appears  to  be  continuous 
in  the  opposite  direction,  as  shown  on  the  map,  to  roit  Jnck  (p.  ir>3). 

A  iKJCuliar  dyke,  unfortunately  much  decomiX)sed,  is  exiiibited  in  a 
cutting  at  Garwick  Ij  miles  farther  north,  Just  before  the  trandine  crosses 
Gle7i  Gatone ;  it  consists  of  a  jmle  yellowish-giey  felsitic  rock  speckled 
with  the  short  rods  of  a  secondary  chlorite  (p.  317). 

On  Banks  Howe  (Sheet  14)  the  cuttings  of  the  same  line  reveal 
excellent  sections  of  the  I»nan  Flags,  with  the  rock-surfaces  scored  in  many 
places  by  glacial  striae.  The  intrusive  mica-diorite  of  this  locality  has 
already  l)een  described  (p.  Vrl). 

in  the  lower  part  ot  the  valley  of  the  Gltuss,  in  the  neighbourhood  of  Lower 
Tromotle  (Sheet  13),  a  thick  mass  of  till  has  blocked  the  old  channel  in  part  op 
elacial  times  ;  andduiing  re  excavation,  the  stream  has  for  a  time  missed  its  the  (Jlas 
former  hollow,  and  notched  a  new  ravin °,  for  itself  in  the  solid  rock  of  the  Valley. 
western  bank  400  yards  above  Tromode  Mills.    Afterwards,  erosion  at  this 
point  not  having  kept  pace  with  that  in  the  drift-filled  channel  above  and 
below,  the  river  recovered  its  old  course  and  abandoned  the  gap,  leaving 
a  steep  isolated  hillock  of  rock  between  its  former  bed  and  its  present 
channel.    As  in  several  similar  instances  in  the  Island,  this  hillock  was 
converted  into  a  rude  fort  by  the  ancient  inhabitants. 

On  the  opi)osite  or  eastern  side  of  the  valley  there  is  another  dry  channel 
of  higher  level  and  older  date,  probably  dating  back  to  the  close  of  the 
Qlacial  period  ;  this  makes  a  larger  loop  under  Ballanard  and  rejoins  the 
present  valley  at  Tromode. 

In  the  striixid  flaggy  slate  immediately  to  the  northward  of  the  bridge  at 
Tromode,  a  small  weathered  basic  dyke  is  exposed.  Four  hundred 
3rards  south  of  the  bridge,  a  little  IkjIow  the  lodge  ot  Cronkbourne  House,  a 
much  broader  intrusion  is  visible  in  the  bed  of  tlie  stream  ;  though  so  much 
decomposed  that  most  of  its  characteristics  are  lost,  this  probably  belongs 
to  the  diorite  group. 

Another  small  greenstone  dyke  is  revealed  in  the  low  outcroj)  of  slaty 
flags  where  the  stream  impinges  uix>n  the  base  of  the  steep  slojx)  at  the 
southern  l)order  of  the  alluvial  flat  oi)])Osite  Purt-ny-shee. 

The  sloping  ground  alnne  the  valley  on  either  side  is  smoothly  drift- 
covered  and  under  cultivation,  "with  only  a  few  isolated  artificial  rock 
exTjosiures  which  need  no  comment. 

The  remaining  i)ortion  of  our  central  division  lies  to  the  southward  of 
the  Peel  and  Douglas  valley,  and  this  tract  will  bo  next  described,  com- 
mencing as  before,  m  the  west  and  working  eastward. 

Hills  south  of  Feel. 

The  hilly  ridge  of  Xiarbyl  Flags  l)orderin;j  the  coast  south  of  Peel  is  simply 
the  extension  of  the  rocks  seen  in  the  cliffs  (p.  14G),  and  needs  no  further 
description.  An  excavation  has  been  made  into  the  west  bank  of  the  Neb, 
at  the  foot  of  the  inland  slojxjof  Peel  Hill  a  (luarter  of  a  mile  south  of  Peel 
Railway  Station,  to  obtain  decomiX)sed  slate  for  brick-making.  This 
material  is  covered  by  a  variable  thickness  of  nibbly  drift ;  its  rotten  condi- 

3194.  L 
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tion  may  be  due  to  ordinary  weathering,  but  is  more  probably  connected 
with  crushing  or  faulting  along  the  margin  of  the  Flags.  The  interesting 
ex|)08ures  of  red  conglomerato  m  and  adjacent  to  the  river-bed  near  Glenfalrti 
Mills  are  descrilxjd  in  Chapter  VI.,  p.  278. 

Between  these  Niarbyl  Flags  and  the  Barrule  Slates  of  Slieau  Whuallian 
and  Arrysey  Hill  we  find  a  Ixjlt  of  *  unseparated  *  palish  blue  striped  slates, 
phyllites,  etc.,  like  those  of  the  coast  south  of  the  Niarbyl,  with  an  apparent 


Fig.  41. 


Pla7i  of  irregular  outcrops  of  greenstone  south 
of  Barnell,  Kirk  Patnck. 

Scale,  6  inches  =  one  mile. 
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The  greenstone  outcrops  are  indicated  by  crosses,  and  the  slate  outcrops 

by  horizontal  lines. 

dip  towards  N.N.W.  Associated  with  these  rocks  are  many  crushed  lenses 
of  basic  igneous  material,  which  occur  in  the  same  zone  of  intrusion  and 
are  similar  in  composition  to  the  Poortown  diabase,  though  differing  from 
it  in  bein^  usually  highly  sheared  and  less  coarsely  crystalline. 

The  chief  outcrops  of  these  intrusions  are  found  on  the  steep  slopes 
southward  of  Bai*nell  and  Ballacosnahan  (Sheet  9),  and  appear  to  denote 
the  existence  either  of  a  number  of  independent  bosses  or  of  a  single  mass 
broken  up  into  disconnected  blocks,  the  exposures,  as  shown  in  the  above 
reproduction  of  the  six-inch  field -map,  being  insufficient  to  determine  the 
point. 

The  shearing  of  these  bosses  has,  in  some  instances,  produced  a  platy 
schist  around  their  edges  ;  while  in  others — for  example,  in  a  small  quarry 
behind  the  farmyard  of  Ballacosnahan — the  whole  mass  has  become 
schistose  by  the  development  of  shear-planes  parallel  to  the  cleavage  of 
the  surrounding  rocks.  Smaller  dykes  of  similar  composition  and  structure 
occur  in  several  places  east  of  the  localities  shown  in  the  above  plan,  as  for 
instance,  in  the  old  slate  trial  on  the  N,  slope  of  Slieau  Whuallian,  400 
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yards  south  of  the  highroad  at  Glenaspet,  where  two  bands  of  greenstone- 
schist  respectively  about  4  and  6  feet  in  thickness  are  exposed. 

The  slopes  between  Ballacosnahan  and  Glen  Meay  are  enclosed  and 
cultivated,  and  although  the  rock  is  usually  near  the  surface  the  actual  out- 
crops are  few  and  limited.  Indications  of  the  intrusions  may  however  be  ob- 
served in  two  mnillel  roads  400  and  550  yards  south  of  the  more  northerly 
houses  of  Rheanvlxig,  and  in  the  bed  of  the  gully  draining  thence  westward  to 
Rheabynioar.  On  the  opposite  or  south  side  of  Glen  Meay,  along  the  same 
strike,  a  mass  of  similar  material  of  considerable  thickness  is  just  visible  in 
an  old  quarry  on  the  hillside  above  Ballachrink,  150  yards  S.E.  of  the 
farmstead  ;  and  again  a  *  sheared  camptonite  *  (p.  308)  may  l>e  seen  in  the 
bottom  of  Ballelby  Glen  600  yards  east  of  the  highroad  (Sheet  12).  On  the 
hiU-top,  J  mile  farther  east,  there  is  an  outcrop  of  *  greenstone  *  in  a  field  150 
yards  east  of  Magherbane  :  while  a  little  to  tne  southward  of  Dalby  other 
examples  occur  in  the  fiela-road  leading  up  the  hillside  opix)site  Ballacain, 
and  in  a  little  quarry  by  the  side  of  the  main  road  300  yards  farther  south, 
behind  an  old  cottage.  The  last-mentioned  instance  may  however  be  of  a 
different  type  from  the  others.  In  several  other  places,  particularly  in  the 
upper  part  of  Glen  Meay,  small  dykes  of  obscure  character  wore  observed, 
but  scarcely  require  special  notice. 

The  small  outcrop  of  andesitic  breccia  at  Ballnalargy  or  Ballaquane, 
half  a  mile  N.E.  of  Dalby  Church,  is  esjiecially  interesting  as  furnishing  the  Andesit] 
only  known  occurrence  of  tnie  volcanic  material  in  assc^iation  with  the  breccia 
Manx  Slates  (see  ante,  p.  38  and  jwst,  p.  323^  The  rock  was  first  noticed  near  Dai 
m  the  occu^jation  road  which  adjoins  the  rivulet  opiwsite  Balla4]uane  farm- 
stead, 150  yards  east  of  the  highroad,  and  was  then  tracx^d  into  the 
neighbouring  field  on  the  west,  where  it  l)reaks  alx)ve  the  surface  near  the 
ruins  of  a  cottage,  and  has  been  recently  better  shown  in  a  shallow 
exavvation  for  stone.  It  seems  to  extend  at  least  as  far  <as  the  north-west 
comer  of  another  field  100  yards  south  of  the  old  cottage,  but  the  scanty 
outcrops  fail  to  reveal  it*  further  course,  or  its  relation  to  the  adjacent 
flags.  There  are  some  rather  extensive  rock  cxix)surcs  in  Ballelby  Glen, 
only  300  yards  farther  southward  ;  but  neither  here  nor  in  any  other  part 
of  tne  district  has  the  breccia  been  recognised.  It  unfortunately  happened, 
however,  that  the  survey  of  the  Island  had  been  completed  before  the  true 
character  of  the  rock  was  established,  by  the  microscopic  examination  of 
fresh  specimens  from  the  above-mentioned  excavation,  so  that  there  is  a 
possibility  of  small  outcrops  having  been  overlooked  which  would  now 
DC  recognised.  Further  search  for  it  in  Ballelby  Glen  and  Glen  Meay 
might  prove  more  successful. 

The  chief  physiographical  features  of  the  Glen  Rushen  drainage- system  have 
already  been  discussed  (p.  10).  The  precioitous  walls  of  the  ravine  by  jj'^**^ 
which  the  river  escajies  to  the  sea  at  Glen  Meay  are  composed  of  Niarbyl  "^shen. 
Flags.  As  preWously  stated  (p.  148)  a  conglomerate  is  mentioned  by 
Harkness  and  Nicholson  as  occurring  in  the  "Skiddaw  Slates"  of  this 
locality  :  but  the  only  conglomerate  now  visible  here  is  a  fault-breccia  in 
the  southern  wall  of  the  ravine  a  little  below  the  ruins  of  an  old  lead  trial. 
A  small  outcrop  of  brecciated  rock  in  the  same  bank  above  the  mine, 
under  the  farmstead  of  Ballacrinkj  which  was  at  first  thought  to  resemble 
the  andesitic  breccia  above  descnbed,  also  proved,  on  microscopic  exami- 
nation, to  be  made  up  of  crushed  sedimentary  material.  Farther  eastward, 
in  the  fine  valley  by  which  the  stream  crosses  the  outer  belt  of  Barrule 
Slates,  broad  segre^tion  veins  of  quartz  are  conspicuous.  These  have 
been  dragged  a|)art  into  discontinuous  segments,  after  the  manner  of  the 
intrusive  dykes,  their  interrupted  courses  usually  following  the  general 
strike  of  the  country-rock.  Detennined  attempts  have  been  made  to 
win  roofing  slate  in  this  valley,  and  the  slopes  are  deeply  scored,  especially 
on  the  S.  W.  side,  by  old  ouarries  (see  pp.  560  1).  In  following  up  the 
stream,  we  leave  the  Barrule  Slates  at  the  great  bend  above  the  nuarries, 
the  valley-floor  above  the  bend  consisting  of  slaty  flags,  changing 
gradually  to  flaggy  grits  which  then  continue  nearly  to  the  head  waters. 
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The  Barrule  Slates  meanwhile  occupy  the  rounded  ridge  of  Dalby 
Mountain  on  the  west  of  the  Glen,  and  also  the  elevated  eastern  and 
southern  rim  of  the  basin,  forming  the  hill  chain  extending  from  Cronk 
ny  Arrey  Lhaa  to  South  Barrule ;  and  the  manner  in  which  the  two 
belts  converge  at  the  higher  levels  toward  the  source  of  the  stream  suggests 
that  they  have  formed  a  single  mass  overljdng  the  flags  and  grits  until 
separated  by  the  erosion  of  Glen  Ruslien. 

At  Chleig-flieeiney  (of  6 -inch  :  Chleig  Cheeiney  of  1-inch  map)  there  is  a 
belt  of  ma-Sfsive  coarse  grit  like  that  of  the  shore  at  Gob  yn  Usntey  ;  but 
usually  the  gritty  liaffii  of  this  valley  bear  more  resemblance  to  the  arenaceous 
l)ortions  of  the  Niaroyl  Flags  than  to  the  fjuartz-veined  grit  of  Agneash  and 
of  the  south  of  the  Island.     N.  to  N.W.  dips  prevail  throughout  the  valley. 

The  old  mines  on  the  eastern  slopes  of  Grlen  Rushen  were  worked  on  the 
westward  prolongation  of  the  toxdale  lode  and  have  yielded  large 
(quantities  of  silver-lead  ore  (see  p.  504).  In  spite  of  numerous  trials  on  the 
opiX)sito  slopes  and  on  Dalby  Mountain,  the  lode  has  not  been  recovered 
among  the  Barrule  Slates  to  the  westward  of  the  Glen ;  and  it  is  noteworthy 
that  there  is  no  instance  in  the  Island  of  the  occurrence  of  profitable 
ore-lxnlies  in  this  division. 

The  chief  belts  of  rock  in  Glen  Ruslien  may  be  traced  along  their  strike, 
over  the  ill -defined  watershed,  to  the  western  side  of  Foxdale  ;  but  either 
because  of  the  Ibwer  average  level  of  the  ground  beyond,  or  perhaps  from 
structural  complications  connected  with  the  granitic  intrusion,  they  cannot 
be  followed  with  any  certainty  to  the  eastward  of  Foxdale. 

In  coming  up  this  valley  from  St.  Johns,  we  have  the  steep  gable  end  of 
Slieau  Whuallian  on  our  right,  and  a  cultivated  slope  of  much  lower 
elevation  on  our  left.  A  rocky  hillock  which  breaks  the  latter  slope 
opixjsite  to  Kcnnaa  is  composed  of  thick  obscurely-folded  bands  of  dark- 
bluish  muddy  i)yritous  grit  with  slaty  iwirtings,  quarried  for  road-metaL 
These  bands  strike  N.E.  «across  the  central  valley  and  probably  reappear  on 
the  opposite  side  in  an  old  quarry  200  yards  S.E.  of  Ballagaraghan,  and  a^aln 
in  the  bed  of  Gretha  River.  To  the  westward  of  Foxdale,  however,  uiey 
have  not  been  identified  Al)Ove  Ballaoates,  two  or  three  hundred  yardiB 
farther  up  the  slope,  dark  blue  slates  of  Barrule  type  are  expo.sed,  and  have 
been  tested  for  roofing  slat^  in  a  small  trial.  These  slates  also  extend  up 
to  the  central  valley,  occupying  the  hill  top  at  Kerrowgarroo  (509  feet)  and 
the  lowermost  part  of  Glion  Darragh  near  Ballacurry.  Though  now 
interrupted  by  the  central  valley,  they  have  probably  been  conterminooB 
with  the  wedge  which  lies  on  the  western  slope  of  Greeoa  Mountain.  Their 
extension  in  the  opiKwite  or  south-westerly  direction  is  more  or  lew 
doubtful ;  but,  as  shown  on  the  one-inch  map,  there  are  rocks  of  this 
character  in  Foxdale  around  Ballanass,  apparently  wedging  out  rapidlv 
westward.  Some  veins  of  quartz  (with  a  little  mica  and  chlorite)  by  which 
these  slates  are  penetrated  are  of  exceptional  breadth  ;  one  example,  10  to 
12  feet  Avide,  htis  Ix^en  (piarried  on  the  northern  slope  of  Kerrowgarroo, 
250  yards  S.  of  the  railway. 

To  the  southward  of  this  tract  of  Barrule  Slate  there  is  an  unsatbfactory 
area  of  *  unsojiarated  '  banded  slaty  re  cks,  broken  by  the  Foxdale  granite ; 
and  the  same  type  extends  thence,  with  minor  variations,  over  the  ^rreater 
part  of  the  interior  south  of  the  central  valley  and  east  of  the  mam  hill- 
raiigc  of  the  Island. 

In  the  P'j^xdale  depression  these  rocks  do  not  show  any  greatly  increased 

degree  of  alteration  until  they  come  into  close  proximity  to  tne  grani^ 

But  on  the  higher  ground  to  the  eastward,  around  the  heads  of  (?/tf« 

Dtirmffh  (of  Sheet  9 ;  coniinonly  known  as  Jinllacurry  Glen)  and  CooUlingill, 

and  npon  Arvhtlliujan  hill,  although  the  visible  (mtcrop  of  the  granite  is 

about  a  mile  distant,  the  metaniorphism  is  more  excessive  than  in  any  other 

put  of  the  Island,  the  slates  being  converted  into  mirnetiferous  mica-schists. 

These  phenomena  have  already  been  discussed,  in  Chap.  III.,  pp.1 11-2,  where 

the  chief  eYix>sures  of  interest  are  indicated. 

ppEU  PART     The  western  bank  of  the  Foxdale  stream  opiK)site  Ballartwore  (Sheet  12), 

Foxdale  two-thirds  of  a  mile  north  of  Foxdale  mines,  reveals  a  6  ft.  dyke  of  micro- 

SIN.  granite,  sheared  to  the  condition  of  homy-looking  schist ;  a  similar  exposure 


ETAMOR- 
[IC  AREA 
lOUND 
aCHAL- 
GAN. 


Central  District:    Foxdale  Granite.  105 

c>0A,'un5  on  the  oiiiKXsite  bank  4U0  yards  farther  up  stream  ;  anil  ix^-sibly  a 
third,  in  an  all  out  unrecognizable  condition,  350  yards  beyond.  The  rocks 
in  these  exposures  differ  in  some  respects  from  the  iLsual  Foxdale  el  vans 
(see  p.  316)  ;  and  it  is  possible  that  they  may  not  be  directly  connected  with 
the  main  mavss  of  the  foxdale  granite,  but  with  the  concealed  intrusion 
which  was  encountered  in  the  deeper  levels  of  the  old  Cornelly  or  Town-<end 
lead  mine  (marked  *  Old  Mines  on  one-inch  map)  at  the  liea<l  of  Glion 
Darragh,  Ij  miles  farther  east  (see  j>.  516).  Two  or  three  small  elvans  of 
similar  character  occurring  in  Glion  Darnujh  may  belong  to  the  same 
group. 

The  exposures  in  the  valley  below  the  Foxdale  mines  are  greatly  obscured 
by  the  washing  floors  and  spoil  heaps ;  but  the  destruction  of  the  natural 
sections  is  amply  compensatecl  by  the  artificial  sections  of  the  mines,  which 
are  elsewhere  described  (see  pp.  504-12).  In  thesj  mines  the  underground 
extension  of  the  granite  nortnward  with  a  gradually  shelving  surface  is 
clearly  demonstrated. 

Foxdale  Granite. 

The  most  northerly  surface  outcrop  of  the  granite  occurs  in  the  l>ed  of  the 
stream  100  yards  alx)ve  the  washing  floors  of  the  mine.  Two  hundred  yards 
farther  N.  a  short  adit  driven  westward  into  the  bank  of  the  stream  passes 
sharply  from  granite  into  slate  through  a  crushed  junction,  perhaps  a  small 
fault,  within  ten  feet  from  the  entrance ;  and  a  few  yards  farther  up  the 
gully,  a  wedge  of  slate,  traversed  by  an  elvan,  encroaches  upon  the  granite, 
and  occupies  lx)th  banks  of  the  stream.  Hence  we  may  conclude  that  the 
western  bank  of  the  hollow  nearly  coincides  with  the  western  boundary  of 
the  granite.  Small  quarries  in  the  slate,  combined  with  a  natural  section  at 
a  cascade  in  the  stream  close  by,  afford  opportunities  for  studying  the  afore- 
said elvan  and  the  junction  of  the  sedimentary  rock  with  the  granite.  The 
slate  is  highly  altered,  but  not  to  the  same  degree  nor  in  the  same  manner 
as  in  the  garnetiferoas  schists  of  the  Archallagan  track  above  described. 
Above  the  cascade  the  stream  bed  {Strtvan  Banmle  of  six-inch  map)  is  again 
composed  of  granite,  but  the  solid  rock  is  soon  lost  under  a  covering  of 
rubbly  wash  and  drift. 

The  main  mass  of  the  granite  occupies  the  rounded  hill  to  the  eastward 
of  the  stream,  named  "Gninite  Mountain"  on  the  ordnance  majxs,  but 
known  in  the  early  mrt  of  the  century,  according  to  Henslow,J  as  Slieau  ny 
Clough  (Clagh  ?).  The  intrusion  has  a  rudely  oval  outline,  with  the  longer 
axis,  five-sixths  of  a  mile  in  length,  extending  E.— W.  as  in  the  Dhoon 
Granite,  and  its  shorter  diameter,  tjuarter  to  half  a  mile,  N. — S.  Tliough  its 
northern  edge  is  nowhere  actually  visible,  its  position  may  usually  be  deter- 
mined within  a  few  yards  by  the  character  of  the  surface-nibble  ;  and  there 
is  a  small  quarry  in  slate  close  to  its  margin,  600  yards  E.  of  the  stream.  In 
this  quarter  a  broad  off-shoot  of  granite  appears  to  strike  N.W.  into  the 
slates,  being  slightly  expased  by  tlie  roadside  near  the  new  cottages  at  the 
foot  of  the  hill,  and  more  clearly  in  the  channel  of  the  sluice  100  yards 
farther  to  N.W.,  having  in  the  latter  case  a  thickness  of  more  than  20  feet. 
Following  round  the  l)oundary  south-eastward,  we  find  a  small  opening, 
revealing  much-altered  slaty  flags  traversed  by  a  thin  elvan,  close  to  the 
eastern  margin  of  the  granite  500  yards  W.  of  Kenshent.  Then  turning 
westward,  we  can  follow  only  an  approximate  boundary  across  the  boggy 
moorland  north  of  Clogh willy  until  we  reach  the  top  of  the  hill,  where 
small  outcrops  are  sufficiently  numerous  to  allow  the  detail  of  the  margin, 
with  its  fringe  of  apophyses,  to  be  tracexl.  Some  old  slate  (juarries  on  the 
western  brow  of  the  hill  afford  further  opj)ortunity  U)V  studying  the 
alteration  of  the  country  rock  adjacent  to  the  intrusion.  The  edge  oif  the 
granite  150  yards  to  the  eastw^ard  of  the  larger  quarry  tiikes  the  form  of  a 
sloping  plane,  somewhat  criLshed  and  platy,  and  marked  with  slickensides, 
as  though  there  had  been  a  slight  overthrusting  of  the  slate  ui)on  it  at  this 
point. 

*  Trans.  Qeol.  Soc,  vol.  v.,  p.  485. 
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Within  its  margin  the  granite  presents  many  variationn  in  texture,  being 
seamed  in  places  by  thin  bands  of  finer  material  resembling  the  elvaiu. 
This  feature  is  referred  to  by  Gumming,  who  seeks  to  explain  it  by 
supixwing  "a  second  elevation  of  the  granitic  mass,  during  which  were 
injected  mto  the  cracks  and  fissures  then  formed  those  el  vans  or  granitic 
veins  which  we  find  ixjnetrating  far  into  the  schists  round  about  tms  bo8«, 
three  of  which  are  cut  through  in  the  Foxdale  mine.*'  *  But  besides  these 
veiiLs  of  finer  material,  there  are  others  of  pegmatitic  character,  more 
coarsely  crystalline  than  the  surrounding  mass.  The  granite  is  also  travereed 
by  gcislies  filled  with  (juartz  accomi)anied  by  small  quantities  of  yellow 
mica  and  other  minerals,  which  are  considered  by  Marker  to  be  of  the 
nature  of  greisen-  (stn?  p.  320).  The  more  conspicuous  of  these  quartz-veins 
have  a  N.N^.W.  strike  ;  the  largest,  having  a  breadth  of  10  to  15  feet,  has 
been  extensively  quarried  on  the  northern  side  of  the  hill  700  yards  E  of 
Sir  win  Barrul:,  Similar  veins  occur  among  the  slates  beyond  the 
boundaries  of  the  granite:  a  good  example  is  expased  in  a  smallquarry  at 
Clogh willy  300  yards  S.E.  of  the  S.E.  comer  of  the  granite.  Thepetro- 
graphical  description  of  the  granite  is  given  on  p.  315. 

nesides  the  main  outcrop  on  Granite  Mountain,  a  small  outlier  of  the 
intrusion  comes  to  the  surface  on  the  patch  of  moorland  to  the  eastward  of 
llenshent,  50C)  yards  E.  of  the  edge  of  the  princi|jal  mass.  The  intervening 
tnvct  is  oc'cupied  by  slate  which  is  exposed,  in  a  much  altered  condition,  in 
veveral  places  in  the  l>ed  of  the  rivulet  draining  the  eastern  slope  of 
Granite  Mountain  ;  and  in  Sant^m  Bum,  the  i>arallel  stream,  200  to  300 
yards  farther  east.  The  slate  is  of  the  striixxl  flaggy  description  and  it* 
dominant  planes  (cleavage  or  1  Kidding)  in  Santon  Burn  exhibit  a  somewhat 
unusual  dip  towards  S.W.,  but  swing  round  to  8.  and  S.S.E.  on  iiassin^j 
away  from  the  neighbourhcxKl  of  the  intrusion.  The  granite  outlier  is  poorly 
t'xiM>sod,  and  its  actual  lx)undaries  are  nowhere  visilde  ;  but  its  maximum 
dimensions  seem  to  be  alH>ut  300  b)^  2(X)  yards.  It  contains  much  vein-quartz, 
which  is  exoavate<l  in  small  quarries  ;  the  granite  itself  wherever  seen  is 
much  (lcc<nni)osed,  but  similar  in  general  characters  to  the  main  mass. 

It  is  not  clear  whether  this  outlier  represents  the  top  of  a  boss  rising  up 
from  the  shulvin;^  surface  of  a  concealed  portion  of  the  intrusion  continuous 
underground  with  the  mass  to  the  westward,  or  whether  it  is  a  block 
which  has  Ih'cii  se[Kirated  from  the  larger  l)oily  by  faulting,  overthrusting 
or  other  effect  of  earth  movement.  The  known  inetiualities  of  the  surface 
of  the  granite  as  revealed  in  the  shafts  of  the  Foxdale  mines  favour  the 
first  su}>i  osition  ;  while  the  absence  of  granite  in  the  East  Foxdale  mine 
only  350  yards  X.  of  th(?  outlier  (see  p.  514),  and  from  the  other  workings 
between  this  i)lace  and  Foxdale  (p.  513),  along  with  the  indications  of 
disturbance  in  the  belt  of  slate  sejiaratin^  the  outlier  from  the  main  out- 
crop give  coKnir  to  the  second  view.  Prior  to  the  examination  of  the 
ground  by  the  Survey  the  isolated  character  of  this  patch  of  granite  does 
not  am)ear  to  have  been  noticed. 

Unlike  the  dykes  from  the  Dh(X)n  Granite,  the  chief  el  vans  of  the  Fox- 
dale type  cannot  l>e  traced  directly  into  the  intriLsion,  but  strike  past  it 
among  the  slates  s(mie  distance  to  the  southward ;  while  thase  apophy:^ 
**'  which  are  seen  to  spring  from  the  margin  of  the  intrusion  apjiear  all  to  die 
out  within  a  short  distance  of  their  source.  It  is  noteworthy,  too,  that 
although  the  granite  has  Ixien  proved  in  the  mines  to  shelve  down  gradually 
northward,  the  ex[K)sures  of  el  van-material  in  that  quarter  are  few  and 
small,  while  to  the  southward  they  are  many  and  large.  Thus,  in  going 
south  from  the  main  boss  along  the  heather-covered  mw>rland  strewn  with 


little  more  than  \  mile  from  the  gi*anite. 

In  their  mode  of  occurrence  tljese  elvaiis  resemble  the  other  Pre-Car- 

*  "  Isle  of  Man,"  p.  175  and  section  on  pi.  I. 

-  A.  Marker.    Quart.  Journ.  Geol.  Soc,  vol.  li.,  p.  143. 
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boniferous  dyke-rocks  of  the  Island,  being  arranged  in  short  tai^ering 
segments  which  appear  to  represent  the  broken  and  displaced  portions  of 
individual  intrusions.  The  rock  of  which  they  are  composed  is  pale 
yellowish  close-grained  felsite  or  micro-granite,  characterized  by  sparsely 
distributed  hexagonal  crystals  of  white  mica,  but  otherwise  not  readily 
distinguishable  in  the  field  from  the  finer  grit  bands,  with  which  indeed 
they  have  sometimes  been  confused^  They  usually  show  more  or  less 
evidence  of  post-consolidation  movement,  and  in  a  few  localities  have  been 
reduced  to  platy  schist,  not  recognizable  as  an  igneous  rock  in  hand 
specimens. 

Westward  from  Windy  Comni/m^  an  exposure  of  micro-granite  appears  to 
be  indicated  by  the  large  loose  blocks  in  the  bed  of  Avnn  Hui/,  700  yards 
due  N.  of  Gibdale  farmstead.  On  the  westward  ijrolongation  of  the  same 
belt,  an  intrusion^robably  over  30  feet  wide,  is  seen  in  the  highroad 
300  yards  farther  W.,  close  to  a  milepast  (Sheet  12),  and  is  less  distinctly 
indicated  in  the  old  road  parallel  to  the  former,  300  yards  beyond ;  after 
which  it  is  lost  for  two  or  three  miles  under  the  sheet  of  drift  which 
covers  the  u{^r  basin  of  the  Silverburn. 

Nearer  the  granite,  a  smaller  elvan,  about  9  feet  wide,  with  plater  slate- 
like cleavage,  is  exposed  70  yards  E.  of  the  highroad  at  the  next  milepost 
(6  miles  from  Castletown),  in  the  gutter  draining  eastward  into  Struan 
Bamde^  aj)parently  striking  N.W.,  in  agreement  with  the  local  deflection  of 
the  slates  in  this  locality.  It  may  be  this  dyke  which  is  again  revealed 
in  the  large  old  slate  quaiTies  on  the  north-eastern  spur  of  South  Barrule 
(Barnde  nep  of  6  inch  map),  over  half  a  mile  farther  west,  where  an  elvan 
having  a  thickness  of  8  feet  occurs  in  one  of  the  entrances  to  the  quarry, 
but  is  uinched  along  a  thrust-plane  in  the  interior  of  the  excavation  into  a 
pale  scnlst  only  one  to  two  feet  thick,  some  thin  veins  of  quartz  being  also 
implicated  in  the  crushing. 

The  description  of  these  elvans  at  their  rcapi^earance  in  the  hills  on 
the  western  side  of  the  basin  of  the  Silverburn  and  in  the  cliffs  of  the 
west  coast  has  already  been  given  ;  and  an  account  of  their  outcrops  farther 
south,  in  Sheet  16,  will  be  found  on  p.  171.  The  fii*st  point  of  their  westerly 
reappearance  seems  to  be  in  a  small  old  quarry  on  the  eastern  slope  of 
Cronk  ny  Arrey  Lhaa,  500  yards  S.W.  of  the  fork  in  the  old  mountain  road 
leading  from  Port  St.  Mary  to  Dal  by. 

Returning  now  to  trace  these  elvans  eastward  from   Wuuli/  Common^  we  Foxdale 
find  the  first  exposure  half  a  mile  E.  of  that  moorland^  in  a  gutter  120  yards  elvans 
S.  of  Tosaby  fannstead  (Sheet  12).    At  CampMl  Bi^ulge  which  crosses  the  south  ani 
Santon  Bum  at  Ballanicholas,  half  a  mile  farther  east,  micro-granite  has  east  of  ti 
been  penetrated  in  a  small  mining  shaft ;  and  from  the  abundance  of  this  Granite. 
rock  in  the  old  fences  of  the  neighbourhood  it  is  probable  the  dyke  has  at 
some  time  been  quarried  at  the  surface.     The  next  indication  of  the  elvan 
is  at  Ballacallin  Mooar,  half  a  mile  farther  to  N.E.,  where  some  of  the 
farm-buildings  are  composed  of  this  material,  said  to  have  been  obtained 
from  a  small  disused  quarry  in  the  adjacent  coppice.    As  these  exposures 
lie  nearly  in  the  same    line   of    strike,   they   may   represent    a   single 
intrusion. 

The  first  outcrop  of  a  more  northerly  set  is  found  in  an  occupation  road 
50  yards  S.  of  the  most  northerly  house  of  Balldchrink,  and  only  300  yards 
W.  of  the  granite  outlier.  The  next  indications  are  some  small  quarries, 
now  overgrown,  on  the  new  enclosure  on  Dreeni-laTuj^  W.  of  Gartn,  which 
apj^r  to  have  been  in  micro-granite.  Thence  the  elvans  may  be  traced 
at  intervals  N.E.  down  the  slope  towards  Garth,  by  loose  blocks  or  low  crags, 
the  best  exix)sui*es  being  in  tne  rough  ground  200  and  350  yards  N.W.  ot 
Garth   farmstead.     A   portion  of  the  intrusion  has  also  been  cut  in  a 

*  E.g.  Clifton  Ward  described  the  Crosby  Dyke  as  "  a  thick  bed  of  (luart- 
zite,"  Geol.  Mag.  dec.  ii.,  vol.  vii.,  p.  3.  Bfenslow,  however,  though  he  con- 
sidered the  fine  sheared  greenstones  to  be  grey  wacke,  called  attention  to  the 
granitoid  character  of  these  "quartz-rocks.*  Trans.  Geol.  Soc.,  ?oI  v 
(1821),  p.  487. 
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iiiiniiig  k'Vfl  on  the  north  side  of  the  stream.  The  «tone.s  of  the  prehistoric 
monument,  "  St.  Patrick's  Chair,"  in  an  adjacent  field,  are  detached  slabs 
of  tliis  material.  On  the  same  strike,  hatf  a  mile  farther  N.R,  a  single 
liroad  elvan  is  well  seen  in  old  i^uarries  and  in  the  roadway  close  to  St 
Kunn's  Church  (Sheet  13).  There  is  a  gap  of  500  yards  of  cultivated  ground 
Vietween  this  place  and  the  next  ex|K)sure  in  the  well-known  quarries  at  the 
foot  of  the  hill  op[>osite  to  Crosby  Stiitwm  (Sheet  10),  where  the  whole  width 
of  the  dyke— 20  to  30  feet — and  the  adjacent  walls  of  slate  are  laid  open  to 
inspection  (see  p.  315) 

Other  more  northerly  shreds  of  micro-granite,  of  small  size,  perhajw 
emanating  from  the  boss  touched  in  the  (Smelly  Mine  (see  p.  516),  were 
ob.^erved  in  C<M}iUuujill  stream,  1  mile  due  W.  of  Crosby  (S.W.  comer  of 
Sheet  10).  On  the  ni<x>rland  to  the  southward,  near  the  K  comer  of 
Archallagan  plantation,  there  seems  to  have  been  a  small  quarry,  now 
overgrown,  which  has  supi)lied  similar  material  for  the  adjacent  fences, 
Slatks  The  sedimentary  rocks  in  the  vicinity  of  the  Foxdale  Granite  show 

AROUND  THE  more  indication  of  disturbance  than  do    those  ac^acent    to  the  Dhoon 
Foxdale        Granite,  but  it  is  not  certain  that  their  irregularities  are  due  to  the  intni- 
Granite.        s^j,>n.    The  Dhoon  (kanite  lies  somewhat  to  tSe  S.E.  of  the  structural  axis 
of  the  slates,  whereas  the  Foxdale  Granite  breaks  directly  in  upon  thisans, 
where  deviations  from  the  usual    strike  are  frequent  even  when  the  granite 
is  not  present.     Hence  the  Foxdale  mass  may  l)e  coincident  with  rather  than 
the  cause  of  the  deviations.    At  any  rate  the  slateii  around  the  junction 
seem  to  have  l)een  already  tightly  folded  l>efore  the  igneous  mass  and  its 
elvans  were  injected  among  them.    At  the  .same  time,  we  have  clear  proof 
of  later  movement,  which  affected  the  granite  and  it«  elvans  after  their 
consolidation  ;  so  that  it  is  very  prolmble  some  minor  local  changes  in  the 
direction  of  the  bedding  and  cleavage  planes  of  the  sedimentary  rocks 
may  have  resulted  from  the  yielding  of  the  strata  when  pre.«sed  against 
the   massive  intrusion  (see  p.  310.)     From  whatever  cause,  the  prevalent 
dil)s  to  the  northward  of  the  granite  are  towards  N.W.  or  rf.N.Vv.,  and  to 
the  southward  of  it  are  S.S.E.;  while  in  its  immediate  vicinity  thev  are 
much  less  regular,  and  show  a  general  but  by  no  means  universal  tendency 
to  dip  away  from  the  intrusion  on  all  sides. 
Basic  Dykks      Greenstone  dykes  are  not  numerous  in  the  neighbourhood  of  this  granite, 
NEAR  THE       uor  is   tlic  evideucc?   so  clear  as  in   the  case  of  the   Dhoon  granite  to 
Granite.        show  that  they  are  the  ohler.    Such  is  probably  the  relationship,  however, 
as  those  which  do  occur  are  in  the  altered  actinolitic  condition.     Three 
small  exiimi)les  in  thi  \  state  are  exix)sed  in  the  upper  i>art  of  Glion  Dnnraqh 
(Hallacurry,  Sheet  JA  res})ectively  300,350  and  500  yards  N.  of  Comelly 
Old  Mines,  where  tney  are  very  ditlicult  to  distinguish  from  the  highly 
altered   flags  ami  garnetiferous  schists  with  w^hich  they  are  associated. 
Toward   the  mouth  of    this  glen    the  rocks  are  broken   by   N.  and  S. 
dislocations   which  may  be   faults  of  some  magnitude.     In  C*xtllUnqiUy 
among  altered  country-rock  dii)ping  abnonnally  towTirds  N.E.  or  KK.E., 
a  3-feet  dyke  exhibiting  beautiful  shetives  of  actinolite-needles  crosses  the 
stre.im  450  yards  below  the  bountlary-fence  <>f  Archnllatjan  plantation  ;  and 
a  l)oss  of  somewhat  ditterent  aspect  cn4)s  out  in  the  corner  of  a  field  on  the 
hillside  350  yards  to  northwestward  ;  and  again,  more  obscurely,  on  the 
adjacent  moorland  350  yards  due  soutli  of    Uhenny.     A  more   extensire 
exiKJsure  is  found  in  Cny  y  WhualUam  overlooking  the  central  valley  S.  of 
Southern      Greeba  (Sheet  10),  where  an  intrusion  of  actinolite-schist  about  10  feet  wide 
SLOPE  OF        ^^^^  ^^  traced  up  the  craggy  slofie;  and  is  seen  again  near  the  angle  of  the 
Central        fence    bounding  the  cultivatecl  land,  one  of  its  rock-faces  l)earing  the 
Valley.         inscrii>tiou  *'  /'.  Moore  bauifht  this  estet  A. I).  U'lO.    177iV    The  upper  part 
of  these  crags  is  conijKK^ed  of  welded  dark  blue  slate  of  the  Barrule  type, 
but  towanls  the  base  w(;  find  a  wedge  of  highly  sheared  grit-lmnd.s,  with 
greatly-altered  garnetiferous  slaty  intercalations.      The  locality  lies  upon 
the   stnu^tural  anticline  ;  and   the  strata,  as  usual,  strongly  exhibit  the 
deformation-i»henomena  of  frilling,  puckering,  and  stretching.     The  dark 
slates  have  a  flssile  shear-structure,  dipping  towards  N.E.  like  the  "  stripe " 
of  the  altered  flags  in  Cooillirufill ;   they  appear  to  wedge  out  westward 
before  reaching  Glion  Darriujh. 
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In  EUerdie  (yUn  (Sheet  13),  dykes  of  altered  greenstone  are  visible  in 
the  west  bank  of  the  old  dam,  and  in  the  l>ed  of  the  stream  200  yards 
south  of  the  ruined  lead  mine.  Another  example  occurs  in  the  higher 
reaches  of  the  same  stream,  150  yards  west  of  the  bridge  at  Garth. 

To  the  southward  of  the  granite,  there  are  i)oor  exix)sures  of  basic 
intrusions,  in  the  highroad  200  yards  west  of  Ballalhergy  (Sheet  12),  and 
in  the  gutter  adjoining  BfxjUloholly^  300  yards  farther  north. 

In  the  spoil  from  the  East  Foxclale  Mine  at  Eairy  (Sheet  12),  we  may 
observe  blocks  of  olivine-dolerite,  derived  from  a  dyke  of  tliis  tyi>e  which 
was  encountered  in  the  dee^jer  workings  (see  p.  515^  ;  affording  another 
example  of  the  association  of  olivine-dolerite  dykes  with  metalliferous  veins 

isee  p.  488).  Though  there  is  no  clear  (exposure  of  this  dyke  at  the  surface, 
oose  weathered  fragments  occur  in  the  jjathway  down  the  steep  bank 
above  the  southern  end  of  the  old  dam,  70  yards  S.E.  of  the  Chapel,  which 
may  indicate  an  outcrop.  No  other  dyke  of  this  character  is  known  in  the 
Foxdale  district. 

The  broad  shelving  basin  around  the  headwaters  of  the  Silverburn,  Basin  of 
between  South  Barrule  and  Slieau  Eairystane,  contains  so  much  drift  that  the  Silvi 
the  rock  exposures  are  almost  confined  to  the  beds  of  the  streams.    In  burn. 
Geaylin  ny  Cregyn  and  other  of  the  lower  crags  on  the  south  side  of  South 
Barrule,  especially  on  its  eastern  shoulder,  striped  slates  with  sandy  bands 
are  exposed  which  seem  to  lie  below  the  level  of  the  Barrule  Slate  which 
forms  the  summit  of  the  ridge.     These  rocks  are  highly  sheared  and  the 
sandy  bands  are  broken  up  here  and  there  into  wisps  of  crush -conglomerate. 
The?ie  phenomena  are  also  repeiited  in  the  low  crags  on  the  E.  side  of 
Cronk  redjag  550  yards  W.N". W.  of  Cringle.    The  prevalent  dips  in  these 
slopes  are  towards  N.N.W.;  but  the  next  exix)sures,  in  the  streams  farther 
southward,  show  the  folded  rocks  with  a  general  inclination  to  the  opposite 
quarter,  where  not  vertical. 

The  little  side-gullies  at  Whalla/j  and  Reai<h,  600  yards  E.S.E,  of 
Cringle,  are  clase  ui)on  the  structural  axis  of  the  Island  ;  and  the  intensely 
.sheared  rocks  which  they  reveal  show  a  high  degree  of  mineral  alteration. 
This  is  particularly  noticeable  in  the  softer  slates  adjacent  to  certain 
massive  oands  of  (juartz-veined  grit  exposed  in  this  locality,  the  prolonga- 
tion of  tho:se  seen  on  the  Carnanes  (p.  45).  In  places  tne  slates  with 
thin  sandy  layers  are  converted  into  true  mica-schists  with  a  gneissose 
fluxion-structure.  As  these  altered  rocks  are  over  two  miles  distant  from 
any  known  outcrop  of  the  granite  we  can  scarcely  assign  their  metamorphism 
to  the  influence  of  that  intrusion  (see  p.  113).  On  the  other  hand,  the 
occurrence  A  similar  phenomena,  though  usually  in  a  less  extreme  form,  in 
the  axial  belt  throughout  the  Island,  jx>ints  to  tiic  alteration  Iwing  in  some 
way  connecterl  with  the  forces  which  have  produced  the  general  structure. 
The  quartz  veins  associated  with  these  crushed  and  altered  rocks  have  been 
implicated  in  the  movements ;  and  whether  from  this  cause  or  from  their 
original  composition,  they  are  full  of  yellow  mica  and  fibrous  tourmaline. 
Indications  of  a  normal  fault  striking  N.N.W.,  of  later  date  than  the  other 
movements,  are  also  visible  in  the  abf)ve-mentioned  gulliei*. 

The  more  northerly  ravine,  which  contains  one  of  the  reservoirs  of  the 
Castleto\Mi  waterw(^rks,  has  intersected  a  seam  of  ochreous  earth  1 J  feet 
wide,  visible  in  both  banks,  100  yards  below  the  highroad  ;  it  strikes 
N.  40'  W.,  and  appeal's  to  represent  a  decomposed  dyke  of  olivine-dolerite. 
A  broader  band  ol  similar  material  occurs  a  mile  to  S.VV.,  on  the  opposite 
side  of  the  basin,  in  a  little  glen  on  the  north  side  of  Garey  Mooar  40 
yards  IxjIow  the  main  road  ;  and  has  been  opened  up  by  a  short  adit. 
The  substance,  like  the  decom^)osed  dyke  at  Maughold  Head  (p.  556),  might 
be  useful  as  a  colouring  material. 

In  all  the  u}>per  branches  of  the  Silverburn,  southward  of  the  belt  of 
grits  descrilKMi  in  the  previous  chapter  (p.  45),  the  predominant  rock-type 
appears  to  be  palish  grey  and  blue  flaggy  striped  slate  with  sandy  inter- 
calations, l>earing  a  general  resemblance  to  the  Lonan  Flags  of  the  sections 
farther  eastward,  and  indeed  perhaps  forming  part  of  that  division,  though 
left  as  *  un.«ieparat^ '  on  the  map.  Tne  outcrops,  however,  are  not  BumcieDtlj 
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numerous  to  justify  any  general  statement.  These  remarks  also  apply 
to  the  country  (in  6-inch  Sheet  16)  southward  up  to  the  edge  of  the 
Carboniferous  ba.sin.  Among  the  few  dykes  observed  in  this  area,  we  may 
mention  a  greenstone  10  feet  >\ide,  in  the  bed  of  Au*in  ny  Bea^  near 
Grenaby,  250  yards  above  its  junction  with  the  Silverburn  ;  and  gome  minor 
intriLsions  of  similar  material  in  Awin  liuy  about  three-quarters  of  a  mile 
8.  of  St.  Mark's.  The  latter  stream  in  this  i^art  of  its  course  is  for  some 
distance  l>ordered  by  curious  knolls  of  slate,  carved  out  in  iK>st-glacial 
times  through  the  river  having  been  temporarily  diverted  from  its  ancient 
channel.  The  wedge  of  flaggy  grit  or  quartzite  in  the  lower  part  of  this 
valley  has  already  been  described  (p.  42). 
[N  OF  Below  Campbell  Bridge  (p.  167),  the  Santon  valley  repeats  the  features  of 

Santon  the  Silverburn,  and  scarcely  needs  separate  description.    The  spoil-hea^  of 
£R«  a  small  trial-shaft  near  the  W.  bank,  close  to  the  cross-road  400  yards  >i.  of 

Ballacorris,  conUiins  beautiful  examples  of  the  cleavage -frilling  of  slaty 
bands  among  sandy  flags  :  and  the  same  structure  is  well  seen  in  a  quarry  on 
the  sloi^e  700  yards  to  S.W.  of  this  spot,  near  Ballakew.  Some  interesting 
facts  in  regard  to  the  distribution  of  the  bouldei-s  of  Foxdale  granite  in 
this  area  are  given  in  Chap.  IX.,  pp.  367-70. 

The  ridge  bordering  the  valley  on  the  eastward  shows  tracts  of  grey 
sandy  and  bluish  slaty  flags  on  Slieau  Chiarn  (635  feet)  and  Mount 
Murray  (720  feet),  with  only  an  irregular  suiKirficial  covering  of  rubble ;  and 
similar  though  smaller  out<Toi>s  extend  thence  at  intervals  southward 
to  the  coiist.  On  the  western  side  of  Mount  Murniy  narrow  'greenstone' 
dykes  are  visible  in  a  slate-iiuarry  oCX)  yards  S.W.  of  the  summit  and 
in  other  places  ;  and  on  the  eastern  side  of  the  hill,  in  a  small  excavation  on 
the  parish  boundary  between  Bnuidan  and  Marown,  300  yards  S.W.  of 
Hosaiill^  a  i)-ft.  intrusion  of  a  somewhat  different  tyixi  is  exposed. 
(;(;a  Though  at  present  discharging  to  the  sea  in  a  rocky  iK)st-glacial  ra\ineat 

gjj  the  edge  of  the  Carboniferous  rocks  at  Cass  ny  Hawin,  the  Santon  River 

has  probably  once  reached  the  coast  at  Port  Soderick,  3^  miles  farther 
north-eastward,  through  the  deep  Crofjua  GleUy  which  is  now  jiartly  dry 
and  ijartly  occupied  by  the  Crof/i/n  rivulet,  draining  the  eastern  side  of 
Mount  Murray.  The  i)ed  of  this  stream  lies  wholly  within  the  Lonan  Flags ; 
it  reveals  a  br(wulish  (about  8  ft.)  dyke  of  tough  *  dioritic  greenstone '  in  the 
deep  gully  1<X)  to  150  yards  south  of  the  railway  ;  and  smaller  greenstone 
intrusions  arc  exi>osea  on  the  eastern  margin  of  the  pond  below  CVo*/^ 
Bridtft ;  at  the  side  of  the  high-road  behind  Cro(f<ja  House ;  and  a  mile 
farther  north,  in  a  rocky  outcrop  at  the  farmstead  south  of  the  high-road  at 
Mount  Murray. 
DLK  'I'h^  rmxX.  stream  eastward,  known  jis  MiddU  Rtvei\  which  at  first  runs 

ER  AND  P'^'^**^^^^^  ^^^  Crofjfja  It iver  iuid  then  turns  at  right  angles  northward  into  a 
\c^NT  ^^'^^'  course  to  join  the  Class  near  Douglas,  shows  but  few  rock-exposures, 
PEg  and  these  of  no  great  interest.     In  the  upi^r  part  of  its  basin,  however, 

neiir  Ballabunt,  a  boss  of  ijorphyi'itic  igneous  material  of  unusual  compo- 
sition croiKs  out,  in  a  low  exposure  surrounded  by  drift-covered  cultivated 
land  (for  i>etrogmphical  descriotion  see  p.  322).  The  rock  is  exposed  in 
a  disused  iiuarry  300  yards  soutii  of  BaUaj>add<i(jy  in  a  field  on  the  western 
side  of  an  occupati(m-road.  It  is  seen  only  in  the  quarry,  and  as  no 
indication  of  its  margin  is  visible  in  the  excavation  we  have  no  means  of 
judging  whether  it  is  likely  to  be  a  dyke  or  merely  a  boss.  Blocks  of 
this  material,  presumably  transported  by  glacial  agency,  are  scattered  over 
tlie  steep  slojxi  of  Richmond  Hill  on  the  opposite  side  of  the  valley.  The 
road  leading  to  >S/>eX-e  Farm,  at  2(M)  yards  N.\V.  of  the  main-road  between 
Bichmond  Hill  ami  Mount  Murray,  shows  some  decomiKxsed  ferruginoas 
rubl>le  which  may  indicate  a  basic  dyke;  and  blocks  of  rock  like  that  of 
B>allabunt  are  plentiful  in  the  adjacent  fences.  But  the  rubble  in  the  road- 
way is  too  rotten  to  show  the  original  character  of  the  rock ;  and  the  block-s 
like  those  previously  mentioned,  may  have  been  glacially  transported  to 
this  place  from  Ballabunt. 

On  the  to})  of  the  hill  south  of  the  cross-roads  above  l^ilrose  the  soi 
is  full  of  splinters  of  slate.    The  rock  is  slightly  exposed  in  the  a^jacen 
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roads,  and  must  be  near  the  surface  in  many  places  in  the  fields  ;  but  the 
slaty  soil  is  apparently  due  to  an  irregular  gravelly  cover  of  re-arranged 
fragments  of  the  country-rock  mixed  with  a  few  far-travelled  pebbles,  con- 
stituting a  local  drift  perhaps  modified  by  Late-glacial  flood-waters  (see 
p.  371).  Similar  rubbly  deposits  are  of  frequent  occurrence  on  the  lower 
slopes  of  the  slate-massif;  and  it  is  well  to  note  that  a  soil  full  of  sub- 
angular  slaty  debris  does  not  necessarily  imply  the  presence  of  solid  rock 
immediately  beneath  the  surface. 

The  Lonan  Flags  are  exposed  in  many  places  on  the  slopes  of  the  central 
valley  southward  and  westward  of  Douglas,  but  the  sections  call  for  no 
special  remark.  The  thick  bands  of  quartz- veined  grit  seen  in  the  vicinity 
oi  The  Nunnery  have  already  been  mentioned  (p.  46). 

Southern  Division  {JSijc-Inch  SJieets  15  Ut  19), 

Western  Coast. 

The  cliffs  for  some  distance  on  lx)th  sides  of  Flesh  wick  exhibit  complex  ^^iffs  ne 
masses  of  flaggy  quartz  veined  grits  and  highly-sheared  dark  strii)ed  slates  Flesh wici 
intricately  folded  together,  as  described  in  the  previous  chapter  (p.  44,  Fig.  4). 
The  composition  of  the  lower  cliff  rarely  corresponds  to  that  of  the  precipitous 
slopes  above,  for  although  the  rock-bands  ap[)ear  to  plunge  down  almost 
vertically  from  the  summit  they  are  frenuently Tbent  sharply  back  upon  them- 
selves several  times  before  reaching  tne  shore.  On  tiie  southern  side  of 
Gub  ny  Traie  Ruy.  and  again  on  Kione  Ben  the  western  boundary  of  Flesh- 
wick,  a  crush-conglomerate  has  been  locally  produced  in  the  slates  in  the 
vicinity  of  the  grits. 

A  small  dyke  of  olivine-dolerite  occurs  in  the  cliff  north  of  Tfie  Brje 
three-quarters  of  a  mile  north  of  Flesh^^-ick  ;  another  of  the  same  tyjK;  in  a 
little  recess  on  the  east  side  of  Flesliwick,  200  yards  south  of  Raclay  (Sheet 
16)  ;  a  third,  iiccomuanying  a  small  vein  with  traces  of  copix;r,  on  the  west 
side  of  Lhtjfjh  ny  Chirran  (kSheet  15),  800  yards  west  of  1  leshwick  *  and  a 
fourth  on  the  north  side  of  Bradda  Head,  at  the  old  mines,  exhibiting  a 
main  branch  striking  W.  35^  N.  across  the  shore  and  a  flier  following  the 
N.— S.  course  of  the  loile  in  the  cliff. 

These  dykes  with  the  exami^les  a  little  farther  north  described  on  p.  150, 
probably  represent  the  emergence,  on  the  west  coast,  of  the  group  seen 
around  Castletown  Bay  on  the  oj>ix)sitc  side  of  the  Island.  There  are 
doubtless  others  concealed  in  the  drift-  or  talus-covered  l)ays  and  ghaws  of 
this  part  of  the  coast,  as  the  intrusions  weather  more  cjuickly  than  the 
country-rock,  and  are  liable  to  be  hidden  in  the  recesses. 

The  most  southerly  and  westerly  iK)int  to  which  any  of  the  Foxdale  el  vans 
have  iHjen  traced  occurs  in  the  upper  crags  of  the  cliff  on  the  south-west  side 
of  Bradda  Hill.  Here  we  find  a  strip  of  pale  niicrogranite^  2  feet  wide, 
which  is  seen  at  intervals  extending  thence  northward,  m  disjointeci 
segments,  across  Ghatv  Doo  \  and,  increasing  somewhat  in  thickness,  into 
the  lower  cliff  at  Kione  Meanar/k  200  yards  west  of  Flesh  wick,  where  it 
might  i-eadily  be  mistaken  for  a  crashed  quartz- vein.  It  reappears  on  the 
opposite  side  of  the  bay  in  the  cliff  under  Bnclay,  where  its  sheared  and 
broken  condition  is  excellentl>r  disulayed.  Its  course  thence  up  the  long 
steel)  slojxjs  alwve  the  true  cliff  is  inaicated  only  by  a  few  scattered  blocks  ; 
until  we  reach  an  outcrop  of  the  dyke  in  the  upiier  range  of  crags,  500  yards 
N.  of  Raclny.  Althc)ugh  the  exoosures  beyond  tins  \mwi  indiaite  a 
rapid  increase  in  the  thickness  of  tne  intrusion,  there  seems  to  be  no  reason 
to  doubt  that  we  are  following  the  same  dyke.  Its  i^sition  relative  to  the 
outcrop  on  the  shore  at  Kiiclay  apiKJfirs  to  show  some  displacement,  ix)ssibly 
due  to  overthrusting ;  or  it  may  be  tliat  the  intrusion  has  swerved  northward 
to  avoid  the  adjacent  crumpled  mass  of  grit.  (See  Fig.  4,  p.  44.)  From 
the  crest  of  the  declivity  the  segments  of  the  elvan  hold  an  easterly  course 
across  the  nlateau  until  lost  Ixjneath  drift  at  the  foot  of  its  eastern  sIo^kj, 
If  0  yards  N.W.  of  Kirkill  farm 
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At  the  head  of  the  Raclay  Ghaw  we  encounter  a  10-ft.  dyke  of  greatly 
sheared  *  greenstone*  which  is  probably  intercepted  by  the  elvan,  though 
the  section  is  not  sufficiently  clear  to  show  the  contact.  Shreds  of  a  similar 
dyke  are  visible  in  places  on  the  steep  seaward  slo|>e  of  Camanes  150  to  250 
yards  farther  southward.  A  more  peculiar  dyke^  with  large  cniabed  felspars, 
crops  out  in  places  among  the  quartz- veined  grits  on  the  southern  phoulder 
of  Carnanes  300  yards  S.  of  Ballarock.  The  position  of  this  and  the  other 
intrusions  mentioned  in  the  foregoing  sentences,  is  indicated  in  the  ground- 
plan  Fij.  4,  p.  44.  Numerous  examples  of  the  ordinary  sheared  greenstones 
may  be  observed  on  the  eastern  slojies  of  Bradda  Hill  between  I<leshwick 
and  Poll  Erin  Bay,  but  call  for  no  special  remark.  They  are  rarer  in  the 
cliffs  on  the  opposite  side  of  the  Hill. 
>DA  The  chief  feature  in  the  coast  section  at  Bradda  Head  is  the  great  N.^. 

p^^'^     metalliferous  vein  so  magnificently  displayed  in  the  cliffs  on  both  sides 
'  Erik,    ^f  ^i^q  headland,  said  by  Sir  W.  W.  Smyth  to  be  the  finest  surface  exhibit 
of  its  kind  in  Europe.^    This  vein  and  the  workings  on  it  are  described  in 
Chapter  XII.,  pp.  529-32. 

The  complicated  contortions  of  the  ^its  and  slates  in  the  western  face  of 
the  promontory  may  be  taken  as  typical  of  the  general  structure  of  this 
part  of  the  Island.  Northerly  or  N  .N.W.  dips,  at  angles  generally  above 
60®,  prevail  on  the  coast  as  far  south  as  Port  Erin,  after  which  the  dominant 
tendency  of  the  contorted  strata  is  usually  towards  the  opposite  quarter. 
The  change  of  direction  is  first  seen  in  a  narrow  belt  of  folded  flaggy  grit  or 
(luartzite  m  the  N.E.  comer  of  Port  Erin  Bay.  The  dark  stripedslates  on 
tne  northern  side  of  this  l>elt  of  hard  rock  are  reduced  in  places  to  the 
condition  of  crush-conglomerate,  though  owing  to  a  later  cleavage  the 
structure  is  not  well  seen  excepting  in  water- worn  slabs.  In  the  middle  of  the 
bay  the  drifts  probably  extend  to  low  water  mark  beneath  the  sandy  beach. 
Fs  From  Port  Erin  southward  to  the  extremity  of  the  Island  the  cliffs  are 

't?^'^  comi)osed  of  strii)ed  slates,  rather  sandy  in  places,  of  the  charact^rlesB 
r  Erin,  t  unseparated '  type.  Sheared  and  disjointed  dykes  of  *  greenstone,* 
including  examples  l)oth  of  the  dark  green  and  the  paler  types,  are  very 
numerous,  scarcely  any  section  bein^  free  from  them.  Tne  largest  of 
these  occur  in  the  cliffs  around  Aldrick  (Sheet  15),  where,  in  Half-xoay 
Rocks  on  the  N.  side  of  the  recess,  one  of  the  diabases  has  a  thickness 
varying  from  8  to  16  feet ;  GO  yards  farther  S.  there  is  a  boss  or  dyke, 
with  a  diameter  of  18  feet,  showing  porphvritic  structure  ;  and  in  the 
cliff  adjoining  Clet  Aldrick  another  example  30  feet  wide.  Sixty  yards 
S.  of  the  last-mentioned  si)ot,  one  of  the  rougher  *  diabase '  intrusions  8  feet 
wide  seems  to  have  been  i)enetrated  by  smaller  dykes  of  the  paler 
intermediate  tyjx).  South  of  Aldrick  the  dips  again  show  a  northward 
tendency  which  is  continued  across  the  Souna  into  the  islet  of  the  Calf. 
In  Bay  Fine  a  fracture  striking  N.N.W.,  accompanied  by  fault-breccia  and 
vein-stuff,  is  seen  in  the  cliff,  cutting  off  several  small  greenstone  dykes  ; 
the  same  faidt  probably  emerges  on  the  opj)osite  coast,  a  mile  distajit,  at 
the  old  mining  level  at  Rhehoetj  in  Bay  Stacka,  and  may  be  the  cause  of 
the  truncation  of  the  giits  of  Mull  Hill  and  The  Chasms. 

In  Aldrick  a  similar  fracture  strikes  nearly  N.  and  S.  into  the  cliff,  and  is 
revealed  ajjain  on  the  opjxjsite  shore  GOO  yards  farther  S.,  at  Carrick  Nay 
m  the  Calt  Sound  ;  this  also  has  been  explored  by  the  miners,  who  consider 
it  to  be  identical  with  the  Bradda  Lode  (p.  532),  though  the  northward 

Brolongation  of  its  strike  would  lie  some  distance  to  the  westward  of 
iradda  Head.  Other  fractures  parallel  to  these  are  indicated  by  the 
narrow  water-channels  separating  the  islet  of  Kitterland  from  the  mainland 
on  the  one  hand  and  from  Tkoxma  Rock  and  The  Calf  on  the  other. 

On  Kitterland  (Sheet  18),  which  at  low  tide  has  an  extreme  length  of 
380  yards,  thirteen  small  *  greenstone'  dykes  were  counted,  mostly  under 
3  feet  in  \\idth,  striking  E.  or  E.N.E.  with  the  strata,  like  the  minority 
of  the  intrusions  on  this  part  of  the  coast. 

^  "  Metallic  Mining "  in  "  British  Manufacturing  Industries,"  ed.,  1876 
pp.  304-6. 
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The  Calf  of  Man. 

The  Calf  (Sheet  18)  ia  composed  throughout  of  slates  similar  to 
those  of  the  acyacent  mainland.  A  little  basin  of  shallow  drift  occurs 
in  the  central  and  southern  part  of  the  islet  ;  and  in  a  few  other 
places  there  are  small  patches  of  drift-gi-avel ;  but  elsewhere  the  solid 
rock  is  at  or  near  the  surface.  A  narrow  wedge  of  thin  flaggy  grits,  in 
nearly  vertical  folds,  strikes  inland  from  Fold  roint  on  The  Sound,  and 
may  be  traced  to  the  top  of  the  slope  overlooking  Gibbdale  Bay,  where  it 
b  probably  broken  by  a  N.  and  S.  fault  which  appears  to  traverse  the 
Island  to  its  southern  shore  at  The  Puddle.  The  striped  slates  which 
occupy  the  remainder  of  the  Island  are  freouently  sandy  and  flaggy, 
resembling  and  perhaps  being  identical  with  the  thm-bedded  portion  ot 
the  Lonan  Flags.  They  frequently  possess  a  tough  fibrous  structure, 
like  the  rocks  of  Spanish  Head.  Small  dykes  of  greatlv  sheared 
greenstone  of  various  types,  frequently  in  the  condition  of  calc-chlorite- 
schist,  al)ound  in  every  part,  being  often  in  clusters  of  several  individuals 
running  parallel  within  a  few  yards  of  each  other  ;  though  this  appearance 
may  sometimes  be  simulated  by  the  crenulation  of  a  single  dyke.  At 
the  N.K  of  the  Calf  these  clustered  intrusions  may  be  studied  at  low 
water  on  the  shore  off  Cow  Harbour  ;  on  Kione  Beg  ;  and  on  both  sides  of 
Qibbdale  Bay.  In  its  western  cliffs  they  are  exjiosed  around  the  Stack  ; 
at  Culbery,  where  they  are  cut  off  at  the  foot  of  the  precipice  by  a  thrust- 

elane  ;  and  around  Caigher  Point.  On  its  south  coast  they  occur  on 
oth  sides  of  Barick,  where  the  sections  are  less  difficult  of  access 
than  in  most  places ;  and  on  the  E.  coast  we  find  them  on  Kume 
Roauyr ;  in  the  adjacent  Ghaiv  Yiarn ;  and  in  the  cliff  opposite  to 
The  (jlets.  They  are  usually  less  than  4  feet  but  occasionally  as  much 
as  8  feet  or  more  in  width.  The  largest  example  observed  is  10  to  18  feet 
wide,  and  like  many  of  the  others,  is  scarcely  recognisable  as  of  igneous 
origin  without  (or  even  with)  petrographical  examination  ;  it  occurs  on  the 
foreshore  360  yards  N.N.E.  of  Burrow,  and  resembles  the  dyke  seen  on  the 
opposite  shore  of  The  Sound  in  the  cliff  near  Creg  y  Jaahee  on  the 
W.  side  of  Spanish  Head,  and  also  that  of  The  Chicken  Rock  (see  p.  304). 

The  numerous  fractures  filled  with  breccia,  quartz  and  other  vein -stuff 
which  traverse  the  slates  of  The  Calf,  sometimes,  as  on  the  main  Island, 
exhibit  slight  metalliferous  indications.  Thus,  traces  of  lead  and  copper 
were  observed  a  little  to  the  northward  of  Caigher  Point ;  Cummmg 
records  a  small  vein  of  copper  pyrites  in  the  vicinity  of  The  Puddle*  ; 
and  similar  traces  are  saia  to  have  been  found  in  the  veins  on  the  N. 
side  of  Fold  Point 

Rock-benches  slightly  above  the  reach  of  the  tides,  and  ghaws  or  deep 
narrow  gashes  cutting  the  cliff-line,  in  which  the  sea  at  its  present  level  is 
ineffective  for  ercsion,  betoken  the  Raised-Beach  period.  A  ledge  of  tufa 
and  cemented  beach-stuff  in  a  cave  at  Bay  yn  Ow,  450  yards  N.E.  of  The 
Stack,  may  also  be  referred  to  this  period. 

The  Chicken  Rock  is  a  dangerous  low-water  reef  of  striped  somewhat 
sandy  slate  traversed  by  greenstone  dykes,  one  large  and  one  small,  the 
larger,  12  to  18  feet  wide  (p.  304). 

Sonthem  and  Sonth-eastern  Coast. 

From  the  south-western  extremity  of  the  Island  we  yAW  now  follow  the 
coast  round  to  the  eastward  and  north-eastward  up  to  the  Carboniferous 
Basin. 

The  banded  fibrous  slates  of  the  braad  low  foreshore  bordering  Calf 
Sound  are  seamed  with  small  dykes  of  the  same  character  as  those  on 
Kitterland.  These  are  especially  abundant  in  Carrick  Nay  to  the 
westward  of  the  fault  mentioned  alx)ve,  and  in  Baih  ny  Breechyn^  the 
next  recess  eastward.  On  the  intervening  headland  ot  BarrooNed  a 
belt  of  vertically  folded  gritty  flags,  like  those  of  the  opi>ositc  Calf  shore, 
occupies  a  portion  of  the  cliff,  flanked  on  both  sides  with  thin-bedded  rocks 

»  "  It  runs  S.  60"  E.  mag.  and  dips  S.W.  by  S  at  an  angle  of  70'."  "  Isle 
Qf  Man,"  p.  151, 
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of  tht!  '  utisi'iiarjiti-fl '  type.  On  the  W.  side  of  tlie  promontory  a  Bmall 
vein  xhowH  lirilliiktit  liluc  nnd  green  staining  from  deconiixfcted  copper-ore. 
In  It'tili  111/  /lnvr/i;/n  an  iiuilated  ciug  eKjiOHcd  at  low  waUT  contains  a. 
Iniw  of  i;!i"'<><t!(  iiiiittrriiil  21)  to  30  U\-t  in  dianietur,  tike  tliat  of  the  i^jaccnt 
dyki'S,  jN-rliHiM  n-jin-sentinil  one  of  the  conduits  frcuii  which  the  smaller 
intniMionH  luive  ilrawii  their  «u[)iily.  The  bnxul  dyke  l.l  feet  «iiic 
already  nicntiimetl  ii)  cinmection  witli  a  Mmilar  dyke  on  'Die  C'«U  {(>.  !T3) 
is  exiKixeil  at  the  Ixise  of  the  high  ci iff  100  yards  S.E.  of  thiM  rrof;  :  as 
frwiuently  ha|ji)eiiM  t<i  these  iiitniaions,  it  is  sliced  off  liy  a  thrust-jilane 
BO  tnat  only  u  xliort  segment  is  viHible. 

Soutli  of  the  ]ii(,'h  l>n)keii  i»recipice  under  C')tmli  ^fooar,  the  dips,  after 
several  siharii  roIK  come  over  at  the  unuHiially  low  angle  of  aliout  10' 
towards  S.S.E.,  and  the  Iwinded  slates  aaiuire  a  |)eculiar]y  fibrttud  Htructiirc 
from  the  a'lationship  of  the  plane.i  of  Hhcanni;  to  tlie  bedding.  The 
same  axis  of  low  d\\m  strikes  acrow  the  extremity  of  (Spanish  Head  and 
reapjiearH  in  the  receiw  of  ,Slea  ntf  Berff,  Iwtween  Si«inish  Head  proper 
and  Blact  llttul  (Sliw't  18).  The  rock  hiw  at  one  time  lieen  quarried  both 
at  the  top  and  at  the  bate  of  the  great  preciiiice.  the  (|uarryman's  old  trail 
down  the  broki'n  face  of  the  cliff  still  affording  (in  1895-6),  a  possil'le 
but  very  dangerous  means  of  descent  to  the  shore.  This  ia  doubtleas  the 
locality  refern-d  to  by  Bishop  Wils()n.'  and  afterwards  by  Macculloch,' 
wht're"  long  Ihwhs  of  tongU  stone,  12  to  l.j  feet  long"  were  wrought 
"  fit  for  nifintle-trifs  and  strong  enough  t<i  lear  the  weight  of  the  higbe:<t 
stack  of  chimnii's."  ^laceull<H'h  stiktes  that  trials  of  its  Hexibiltty  showed 
that  a  Is-am  l-'i  feel  long  and  2  inches  thiok  was  forced  .I  inchen  out   of 

Fig.  42.  Jterinnhvnt  fold  in  ftufj'jy  grits  in  rJi_ff  on 
aaat  nidti  of  Penrick  liai/.  Port  St.  Mary.  Height 
{mawinuim) ;  alxint  60  ffet. 


■">'^<r^     ^ 


the  straif,ht  line  Itforc  it  broke  In  Cwtle  Bushen  at  Caatletoini, 
there  H  a  hni  flo<  r  and  also  a  roof  umde  if  these  beams  laid  side  by  ^e 
from  wall  to  wall  1  >  ftLt  tlcar  across  without  support  and  it  is  said  the 
full  length  if  thi  lieiint  h  23  fett  Jrom  the  mode  of  occurrence  of 
similar  truttun  iii  the  slatt  on  tht  hill  sidt  east  of  Ballaugh  (described 
on  |)  132)  it  H  1  r  luibk  that  the  low  <!iii  <  n  ^pamsh  Head  where  the 
fibnu  nxk  IS  fmud  niaik  a  >nclinal  trough  The  flaggy  gnts  of  Tht 
tht»)it  and  Kiomy  (  ho(.^an  on  tlu  oj  jiosite  side  of  Bay  Stacka  have 
a  "-miliar  li  w  dip  and  iip]fcar  tc  o\crlu  the  slates  but  as  stated  in 
the  last  chajtcr  (]  43)  these  strita  aie  probably  portions  of 
an  o\  Prtiirniil  foM    in  which  c)i»e  tlitir  original  order  has  b^  reversed. 

'  Risliop  \\  ilson  B     De  crtption     inCamdcns     Bntannia"  opi  cit,  4tli 
cd    1    392. 
-  Mucuul 


Mucuullocli,  "  Western  Isles,"  etc.,  vol.  ii.,  p.  53^. 
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We  find  evidence  in  favour  of  thiit  reading  of  the  structure,  in  the 
presence  of  small  recumbent  folds,  traceable  in  the  thin  sandy  layers 
of  t])o  slate:<  in  the  eastem  corner  of  Bay  Stacks  north  of  The  Sio/nr- 
I'Mi/  pinnacle  ;  and  in  the  rapidity  with  which  Imth  .slates  and  grits 
re^nnic  their  IiikIl  dtps  when  followed  inland  fn)ni  the  coast.    Similar 

Fig.  43.  Dia(/raumi(itir  sketch  of  dhtiirhed  f/reemtone 
dyke  traversing  Manx  Slate^iti  lou-er  part  of  precipice 
at  tSlea  ny  Bery,  Spanish  Head. 
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recuml>ent  foldii  are  ntill  lictter  Keen  in  the  prolongation  of  these  grits 
north-eastward  in  I'erwick  Bay,  as  shown  in  the  opjxjsite  figure  (FiR.  42.) 

The  origin  of  the  curious  ami  much-visite<t  Chasms  has  liecn  previously 
discussed  (p.  43). 

On  Spanish  Head  and  in  Bay  Stacka  a  few  small  sheared  greenstone 
intrusions  of  the  ordinary  type  may  be  observed.  The  great  cliff  on  the 
W.  side  of  SUn  ny  Bery  affoMs  an  interesting  illustration  of  the  manner 
in  which  thew  dykes  are  torn  asunder  by  later  movement,  a.i  shown 
in  the  above  figure  (Fig.  43.) 

A  crag  known  as  Hotm  Ruck,  visible  only  at  low  tide,  under  the  cliff 
250  yards  S.W.  of  Kioney  Uhog^,  is  composed  of  coarse  dialwse  studded 
with  porphyritic  augite,  not  unlike  the  diabase  of  Poortown  (p,  304).  At 
its  outer  edge  and  along  certain  planes  within  the  masf,  the  rock  i.i 
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greatly  sheared  and  altered  by  crushing,  but  in  other  places  it  shovs 
scarcely  any  trace  of  movement.  A  small  schistose  *  greenstone,'  1  foot 
to  3  feet  wide,  in  seen  in  the  adjacent  cliff,  but  the  coarse  rock  is  coniined 
in  this  locality  to  the  isolated  crag. 

An  interesting  dyke  of  mica-trap  of  a  type  uncommon  in  the  Island  (i*.  302) 
occurs  in  the  cliff  at  the  head  oi  a  little  gullet  on  the  N.  side  of  Kioney 
Ghoggan.  Its  thickness  in  the  coast-section  is  from  6  to  8  feet,  but  it 
seems  to  be  twice  this  width  in  the  field  above,  where  it  forms  a  low  crag. 
Farther  westward,  though  somewhat  difficult  to  distinguish  on  account  of 
its  schistose  structure,  we  find  it  in  one  or  two  small  exposui-es  in  the  fields 
between  Kioney  Ghoggan  and  the  Chasms  ;  and  at  the  latter  placo,  both  at 
the  top  of  the  cliff  and  in  the  sides  of  the  more  easterly  fissure  near  the 
corner  of  the  field -fence  overlooking  the  precipice  ;  and  once  more,  80  or  100 
yards  farther  west,  in  the  crags  on.  both  sides  of  the  slipi)ed  ground  on 
which  are  the  remains  of  a  prehistoric  stone  circle.  Where  last  seen,  it 
is  in  proximity  to  a  smaller  dyke  of  different  com|>osition  and  direction 
of  strike,  but  the  iK)int  of  intersection  is  not  revealed.  Though  the  cliffs 
north-west  of  Sijanish  Head  lies  athwart  its  westward  course,  the  mica- trap 
has  not  there  been  recognised. 
WICK.  In  turning  into  Perv^ick  Bay  from  westward  we  find  the  cliffs  composed 

of  quartz -veined  grits,  with  here  and  there  a  small  schistose  dyke,  up  to  300 
yards  N.  of  T^'aie  Vane^  where  these  rocks  are  replaced  by  smooth  band^ 
sericitic  slate  or  phyllite  with  occasional  sandy  layers,  which  occu^iy  the 
interior  of  Perwick  Hay.  An  old  shaft  and  level  of  the  Glenchass  mine,  on 
a  vein  striking  N.N.W.  (see  p  536),  are  seen  at  the  foot  of  the  cliff  west  of 
Ippney.  The  slates  are  greatly  disturlx?d,  sheared  and  veined  with  (quartz ; 
but  their  prevalent  dip  is  towards  S  or  S.S.E.  at  angles  rarely  exceeding  30' ; 
they  are  traversed  by  numerous  small  greenstone  dykes  some  of  which  are  in 
the  *  calc -chlorite  schist '  condition.  The  flaggy  quartz-veined  grits  reap- 
pear on  the  E.  side  of  the  bay,  in  highly  contorted  bands  witii  crushed 
schistose  slate  between  them  ;  a  seam  of  coarse  breccia,  marking  a  fault  or 
overthrust  at  their  junction  with  the  main  mass  of  the  slate,  is  well  exhibited 
in  the  isolated  ^huj  Rock  and  on  theS.E.  side  of  the  little  bay  W.  of  To^dfogfjy 
(Sheet  1(5).  Accompanying  this  fracture,  in  the  cliff,  is  a  much  decomp(»ed 
basic  dyke  or  boss  10  to  20  feet  wide,  with  coarse  crystals  of  au^te,  like 
that  of  the  Horse  Rock  (p.  304).  The  easterly  prolongation  of  tliis  dyke 
seems  at  one  time  to  have  been  exposed  in  Port  St.  Mary  Bay  on  the  oppo- 
site side  of  the  headland,  as  described  by  Henslow',  but  is  now  no  longer 
visible.  One  hundred  and  fifty  yards  farther  south,  on  the  foreshore  due 
£.  of  Shaq  Rock,  we  reach  the  fault  striking  N.E.  which  brings  in  the  patch 
of  Carboniferous  Limestone  forming  the  tip  of  the  headland  S.  of  Port  St. 
Mary  (see  p.  205). 
T  St.  Crossing  into  Port  St.  Mary  Bay,  to  the  northward  of  the  fault  we  find  a 

lY  Bay.  repetition  of  the  features  of  the  Perwick  shore,  except  that  the  bands  of  grit 
are  subordinated  to  thti  more  argillaceous  beds.  Dykes  are  numerous  and 
mostly  in  the  schistose  condition,  but  two  distinct  types  seem  to  be  repre- 
sented ;  the  one  crushing  down  to  a  smooth  jmle  greenish  grey  or  sligntly 
ferruginous  schist  which  is  softer  than  the  countiy  rock,  while  the  other 
forms  tough  darker  gritty-looking  bands  thicker  and  more  resistant  than 
the  surrounding  stratii.  A  good  example  of  the  latter  type,  8  to  10  feet 
thick,  occurs  in  the  low  ridge  jutting  out  from  the  cliff  immediately  to  the  N. 
of  the  Cliff  Hotel. 

Gansey  Point  and  Carthurc  Bocks  contain  much  flaggy  grit,  folded  among 
striped  soinewhat  stindy  slates,  along  with  several  small  dykes,  two  of  whi<£ 
on  the  E.  side  of  Clutpel  Jiay  seem  to  belong  to  the  mica- trap  group  (p.  303X 
while  the  others  are  of  the  types  above  described.  Between  Gan*ey  and 
Bhenwyllan,  the  low  rocky  foreshore  reveals  a  broad  l^elt  of  grit,  probably 

^  Trans.    Oeol.  Soc,  vol.  v.,  pp.  491-2.    See  also  B.  Hobson ;     Quart 

eferred  to  by  Mr. 
however,  probably 


Journ.  Geol.  Soc,  vol.  xlvii.,  p.  434.    The  loose  block  referred  to  by  Ifo. 
Hobson  on  the  inner  side  of  Port  St.  Mary  New  Pier  is, " 


a  transported  boulder. 


N 
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the  continuation  of  that  which  forms  the  cra^^  ground  on  Cronk  Skibbylt 
u>  the  westward  of  Port  St  Mary ;  and  sinuUr  rocks  are  exposed  in  the 
gutter  of  the  little  stream  both  above  and  below  the  corn-mill  at 
Khenwyllan.  For  over  half  a  mile  to  the  east  of  this  place  the  broad  sandy 
foreshore  of  Bay  ny  Carrickey  is  probably  everywhere  underlain  by  arift  or  Bay  nt 
aUuvium  ;  but  in  the  Black  Rocks  opposite  Kentraugh  the  slates  again  Carrickk' 
crop  out  and  occupy  the  whole  breadtn  of  the  tidal  platform.  The  low- 
water  reef  of  Cronnag  is  composed  of  folds  of  pale  grit  or  quartzite,  like 
that  near  Rhenwyllan :  while  the  higher  portion  of  the  shore  contains  sheared 
banded  slates,  with  the  dominant  planes  dipping  towards  S.S.E.  Small 
Pre-Carboniferous  dykes  are  abundant,  especially  m  the  eastern  part  of  the 
exposure,  some  of  which  are  in  the  schistose  condition  while  others  are  of 
the  less  altered  t^rpe.  We  also  find  three  examples  of  the  Post-Carbonifer- 
ous olivine-dolerites  :  one  near  the  western  end  of  the  rocks,  350  yards  east 
of  the  mouth  of  Coloy  River ;  and  the  second  and  third,  respectively  340 
and  420  yards  farther  east  (for  other  details  see  Table  on  p.  331).  Oppo- 
site to  the  cottages  at  Grenea  (six-inch  Sheet  16),  the  bound^y  fault  of  the 
Carboniferous  rocks,  after  its  submarine  course  across  the  bay  from  Port 
St.  Mary^^again  crosses  the  shore,  and  brings  in  the  Carboniferous  Lime- 
stones. The  slates  may  be  traced  with  some  difficulty  to  within  a  few  feet 
of  the  fault,  but  the  actual  line  is  concealed,  partly  by  beach-material  and 
seaweed,  and  partly  by  patches  of  boulder-clay  which  towards  high-water 
mark  have  not  yet  been  entirely  removed  from  the  Pre-glacial  rock-plat- 
fonn. 

Leaving  the  details  of  the  Carboniferous  rocks  for  description  in  a 
later  chapter,  we  pass  now  to  Langness,  on  the  eastern  edge  of  the  Carboni- 
ferous basin,  4  miiea  distant,  where  the  Manx  Slates  again  emerge. 

The  exceptional  interest  of  the  sections  on  Langness  has  long  been  Lamgnbss 
known  to  geologists  through  the  work  of  dimming  and  other  observers. 
The  shores  of  the  promontory  present  so  much  complicated  detail  that 
it  was  found  impossible  to  render  the  facts  on  the  6-inch  map,  and  the 
25-inch  scale  was  therefore  adopted  for  this  part  of  the  coast.  [6-inch, 
Sheets  16  and  19 ;  25-inch,  Sheets  16  (of  6-incli,  16)  and  4  (of  19).]  The 
instructive  phenomena  accompanying  the  overlap  of  the  Carboniferous 
Conglomerate  upon  the  Manx  Slates  are  described  in  the  chapter  following 
(see  p.  195).  Tne  Langness  sections  show  clearly  that  the  slates,  with 
their  greenstone  dykes,  had  acquired  their  pressure-structures  long  anterior 
to  the  earliest  stages  of  the  Carboniferous ;  and  that  the  relative  resistance 
of  their  constituent  beds  to  the  attack  of  the  waves  on  the  Carboni- 
ferous shore  was  not  different  from  what  it  is  on  the  present  shore.  (See 
Figs.  50,  51,  pp.  191-3.) 

On  tlie  western  side  of  Langness  the  most  northerly  point  at  which  the 
slates  are  seen  is  in  a  low  bank  50  yards  north  of  Liemgness  farmstead, 
where  they  are  brought  up  against  the  Carboniferous  Basement  Condom- 
erate  by  a  sniall  fault  They  consist  of  thinly-bedded  rather  flaffgpr  slates, 
dipping  S.S.K  at  about  45%  stained  to  the  purplish  tint  wKch  they 
UBuall  v  show  when  in  contact  with  the  red  Conglomerate.  They  are  again 
brought  in  by  another  smsdl  fault  in  the  low  section  near  the  Langru— 
Capper  Mine  500  yards  farther  south  (see  p.  538);  and  are  continuous 
thence  southward,  for  350  yards,  in  the  clifT  and  the  upper  part  of  the  fore- 
shore, to  The  Archetj  where  the  imconformable  position  of  the  Conglom- 
erate upon  them  is  magnificently  displayed  (see  Fig.  49,  p.  190).  They  are 
traversed  in  this  interval  by  several  small  Pre-Carboniferous  dykes;  and 
by  an  intrusion  of  less  usual  character,  probably  connected  with  the 
Carboniferous  Volcanic  series,  which  after  intersecting  the  slates  in  the 
low  cliff  is  seen  also  to  penetrate  the  Conglomerate  on  the  shore  a  few 
yards  north  of  The  Arches  (see  p.  325).  In  the  rough  ground  70  yards 
inland  from  the  cliff,  200  yards  south  of  the  mine  buildings,  there  is  a 
small  exposure  of  an  olivine-dolerite  dyke  in  the  slates,  probably  one  of 
the  group  which  traverses  the  C^rbonSerous  (Conglomerate  on  the  shore 
below  the  mine  (p.  195); 

3194.  M 
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South  of  The  Archea  for  400  yards,  the  sectionB  are  compooed  entirelr  of 
the  Conglomorate ;  but  nt  Port  Bravarj,  ander  the  shelter  of  LumiUB 
Point,  thu  stained  slates  reappear  from  beneath  it,  and  th«  nnconionn- 
able  junction  may  be  followed  thence  acro^a  the  narrow  neck  of  land  to  tba 
iiuUir  »huru  lit  DriAiwick  Harbour,  the  Carboniferous  rocks  thus  isc^ating 
the  littld  iHiniiisiilit  of  A:iX»  which  fonua  Laiignens  Point  and  the  low-water 
reef  of  Skerriinet  (Sheet  19).    In  thi)<  tract  the  slatea  are  traversed  by  ■ 

Siluxusof  ilyke.-!  and  basses  of 'greenstone,' mostly  of  the  '  cam  ptonite '  type 
see  p.  300),  striking  generally  E.N.B.  with  the  stratification  ;  and  tin 
slates  are  also  gashed  t>y  a  set  of  north  and  south  fractnrea,  worn  into 
'gullets 'by  the  sea,  and  filled  with  water  at  hish  tide.  In  at  least  two 
instanced  tlicse  fracture -lines  cut  off  or  displace  ^e  greenstone  dykes ;  bat 
as  the  intriLsions  are  everywhere  irregular,  the  amount  of  faulting  cumot 
be  deduced.  One  of  the  gashes  is  occupied  by  an  olivine-dolerite  intm- 
sion,  1  to  2  feet  wide,  accompanied  along  port  of  its  course  by  a  narrow 
vein  of  copper-pyrites  which  has  been  tested  by  a  mining  abaft  and 
cross-cut. 

Fig.  44.     Section  on  north  side  qf  Horse  Gullet,  Lang- 
ness,     showing    thrust-planes    and     accompartying 
plication  of  thinly-bedded  sandj/  slates. 
Height  about  12  feet 


B*^  Greenstone  dyke,  S  feet  thick. 
T.  Thrust-plane,  with  Q,  quartz-veins. 

On  the  eA-ttem  side  of  Dreawick  Hwbour,  under  the  Lighthouse,  lb* 
ccctions  a^ain  show  the  emergence  of  the  slates  from  beneath  the  Cutoni- 
ferous  Conglomerate  (for  descriptions  see  p.  191,  Figs.  60,  SIX  Thence  nwlh- 
eastward,  the  whole  of  the  outer  coast  of  Langness  is  composed  of  tin 
slate  rocks,  varying  in  their  lithological  characters  but  not  perhapa 
to  a  Rrcatcr  extent  than  we  find  in  the  southern  portion  of  the  Loom 
Flags  lK>rdering  the  Carl>oniferou9  basin  farther  north,  to  which  as  a  whol* 
they  bear  much  resemblance ;  and  it  is  qiiestionsble  whether  these  I^n^- 
nt'ss  rocks  slioidd  not  have  been  mapped  as  part  of  that  division  instead  of 
tn;iiiK  left  in  the '  un»|!parated '  cla.'is.  But  as  strata  of  similar  type  also  owur 
to  the  westwanl,  in  The  Calf  and  the  coast  adjacent  to  it,  cloed^y  aaaoeiated 
with  and  insejiaralile  from  rocks  devoid  of  the  characteristics  of  the 
Lonan  Flags,  it  was  not  thought  advisable,  in  the  present  stetfi  of  oui 
knowledge,  to  carry  that  division  south  of  the  Carboniferous  basin. 

From  nr,-.-.wii-k  Point  to  Tammtnet  R-ick,  dark  striped  slates  Me- 
dominate ;  farther  north  the  projxjrtion  of  sandy  materialincreaseA,and  A«T 
layers  of  grit  are  .sometimes  numerous ;  north  of  Martha  Gullet  (northernedM 
of  Sheet  1»),  ami  specially  in  the  Wcinity  of  //oroe  Gu/Ut  and  Scdlea*. 
arenaceous  strat.i  m  the  form  of  thin  flaggy  grits  or  imperfect  qnutsM 
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with  ugillaceoos  partiogs  &re  in  the  EMcendency ;  while  beyond  Clab*rry 
th«re  is  a  change  in  the  reverse  order,  the  rocka  becoming  more  thinly 
bedded  and  more  slaty  again  in  going  northward  to  St.  Michael's  Island. 
The  prsTalent  dip  throughout  is  towards  S.  or  S.S.E.,  though  with  local 
TuiaCioas  tending  freijuently  to  swing  the  direction  some  degrees  W,  of  S. 
The  angle  is  usually  high,  ranging  between  50°  and  70°.    Linea  of  crushing 

Fig.  45.  Ground-plan  in  viHnitif  of  Claherry  (ruUet, 
Langness,  sltowing  pleanis  of  greenstone  dykes  in 
contorted  sandy  slates. 

Scale,  S5  inches  •=  one  mile. 


The  nnmben  indicate  the  thickness  of  the  dykes  in  feet : 
*  shows  position  of  section  p\ea  in  Fig.  46. 

and  faulting,  appuently  often  marking  small  overthrusts,  are  of  constant 
occurrence,  and  are  generally  accompanied  by  more  or  leas  vein-quarts. 

The  general  structure  is  illustrated  in  the  opposite  section  (Fig.  44),  in 
which,  however,  the  tolda  are  less  strongly  iBochnal  than  usual. 

In  the  thinly-bedded  sandy  slates,  '  worm-markings '  are  in  placea 
(bundant ;  they  may  lie  best  studied  in  weathered  crags  a  little  abov, 
high-water  mark  in  the  cliffs  on  both  sides  of  Martha  GutUt  ;  on  the 
northern  side  of  Norte  Gullet ;  and  in  the  vicinity  of  Gullet  Ruigh.  The 
indicatious  of  shearing  are  not  so  strong  as  is  usual  in  the  Manx  Slates  ; 
And  the  straja-slip  cleavage  is  often  only  visible  where  brought  out  by 
UM.  h2 
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wcathcrinf;.  The  direction  of  this  cleavaKe  is  apjirozitnately  thnt  of  the 
l>edHing,  but  often  at  a  different  degree  of  inclination  ;  in  which  case  the 
intersection  of  the  two  Bets  of  planes  at  the  edge  of  the  flags  when 
weathered,  gives  the  '  corded '  stracture  described  in  the  last  chapter  (see 
p.  73,  Fig.  17). 

In  no  part  of  the  Island  are  the  basic  igneous  intrusions  more 
nuineruufl  and  more  diverse  than  on  Langnesa,  though  the  granitic  elvatu 
are  absent.  The  miyority  belong  to  the  camptonite  group  of  greeastODes 
(nee  petrographical  description  aaa  other  deteils  in  Ch&p.VIII,  pp^  300-4),  and 
thos^  along  with  the  diaoasea  and  diorites,  are  of  Fre-CarboDifeioua  age ; 
but  there  are,  besides,  many  of  the  Post- Carboniferous  olivine-dolerites,  as 
well  as  the  supposed  Carboniferous  dyko  mentioned  on  p.  177.  The  Pre-Car- 
boniforouB  intrusions  are,  on  the  whole,  much  less  crushed  and  altered  than 
in  the  area  to  the  westward  of  the  Carboniferous  basin  ;  indeed,  between 

Fig.  46.  Clif-section  on  south  side  of  Claberry  GuUet, 
Langnesst,  shoudng  small  greenstone  dpkes  (B")  cut 
and  shifted  in  s^ments  along  horizontal  partes  o/ 
dislocation. 

Height  about  30  feet 


Langness  and  DougIa,sHeadthea6dykeaare  fresher  and  less  crushed  than  in 
any  other  mrt  oi  the  Island,  probably  because  the  compreasive  foicH 
acted  with  less  intensity  on  this  iiank  than  in  the  central  zone  of  Uie  massif. 
The  smaller  dykes  iLSually  strike  about  E.N.K  with  the  bedding,  but  the 
larger  bosses  are  less  influenced  by  the  stratification,  and  frequentlT  have 
N.E.  or  N.N.E.  courses. 

Starting  again  from  the  southern  extremity  of  the  peninsola,  we  find 
everywhere  between  Dreswick  Point  and  .Spire  Otilht  greenstone  iotninons 
of  small  size  striking  obliquely  across  the  craggy  foreshore.  To  the  north- 
ward  of  Sjiire  Ouilet  they  are  of  less  frequent  occurrence  until  we[»H 
Cre/r  Cvstiine,  but  are  present  in  numbers  again  in  the  vicinity  of  jfatlkn 
Gvilet  and  between  Bnilie  and  Ifor»e  (hilUtt.  In  the  craggy  ground  it 
the  top  of  the  cliff  lietween  The  CixiUl  and  ScoUtan  (fjheet  16)  the  firsf 
of  the  broader  dioritic  dykea  10  to  20  feet  wide,  is  encountered,  arranged  te 
usual  in  interrupted  lenticular  seements.  In  a  similar  position  north  of 
Gullet  Jiuigh  another  or  possibly  the  continuation  of  the  same  mass  may  be 
traced  northward  for  nearly  200  yards.  To  the  seaward  of  it  there  is  s 
plexus  of  smaller  di^ointed  intrusions,  as  ehown  in  the  foregoing  plan 
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^pied  from  the  25-iiich  map  (Fig.  46) :  and  the  manner  in  which  they  are 
broken  and  displaced  vertically  as  well  as  horizontally  is  seen  at  the  same 
place,  in  the  section  exposed  in  the  walls  of  Claherry  Gullet  (Fig.  46). 

Another  boss  or  segment  of  diorite  crops  up  in  tne  field  opposite  Gullet 
Creagh  Moainee,  70  or  80  yards  due  N.  of  the  last  exposure ;  and 
again  farther  north.  50  yards  E.  of  the  S.  end  of  the  causeway  to  St 
itfichaers  Island,  where  it  is  seen  in  a  crag  above  high-water  mark 
and  also  on  the  foreshore.  This  intrusion  has  been  described  by  Mr. 
Hobson.*  Detached  masses  of  similar  material  also  occur  on  the  west 
shore  of  the  above-mentioned  Island,  N.  of  the  causeway. 

The  following  plan  of  a  small  dyke  exposed  near  high  water  mark 
on  the  shore  50  yards  S.  of  Gullet  Creagh  Moainet  illustrates  the  extent  of 
the  deformation  of  the  rocks  through  shearing  even  in  this  comparatively 
little  disturbed  area,  and  the  difference  in  its  effect  according  to  the  position 
of  the  dyke  in  regard  to  the  direction  of  movement. 

Fig.  47.  Ground-plan  on  shore  south  of  GtUlet  Creagh 
Moainee,  Langness,  showing  effect  of  shearing  upon 
thickness  of  small  greenstone  dyke. 

Area  35  feet  by  15  feet. 


Where  the  dyke  (B^')  lies  between  the  bedding  planes  of  the  flaggy  slate,  its 
thickness  is  from  2  to  4  inches  •  where  it  cuts  across  the  bedding,  it 
expands  to  12  inches  and  shows  oblique  cleavage. 

On  Hango  Broogh,  200  yards  farther  N.  (not  to  be  confounded  with  the 
better  known  hillock  of  drift  of  the  same  name  opposite  the  College  at  Cas- 
tletown), the  chief  dyke  is  a  porphyrjtic  camptonite,  about  12  feet  wide,  which 
is  descnbed  on  p.  303.  Segments  of  the  same  or  a  similar  dyke  are  exposed 
on  the  opposite  foreshore  of  St.  Michael's  Island,  along  with  many  of  smaller 
dimensions. 

The  most  noteworthy    ntrusion  on  St.  Michael's  Island  is  a  mass  of  St. 
ffreen  schistose  rock,  30  feet  wide,  apparently  a  highly  sheared  diabase  Michael 
different   in  structure  from  any  other   of   the    Langness    dykes,    which  ^s^^^p. 
strikes  N.N.W.  from  near  low- water  to  some  distance  above  hi^h- water 
mark    S.S.E.  of  the  roofless  ancient  Chapel.    On  account  of  its  slaty 
fracture,  this  intrusion  might  easily  be  passed  over  without  recognition  ;  it 
has  been  quarried,  and  largely  used  in  the  walls  of  the  old  Fort  (dating 
from  about  1650^)  where  it  has  resisted  the  weather  remarkably  well.    A 
small  dyke  of  the  paler  *  camptonite '  type,  with  the  usual  E.N.E.  strike, 
can  be  traced  up  to  the  flank  of  the  larger  mass  and  reappears  in  the  same 
line  on  the  opposite  side ;  but   although  it  is   most  probable   that  the 
smaller  dyke  is  continuous  across  the  diabase,  the  exposure  at  this  point  is 
unfortunately  not  suflSciently  clear  to  place  the  matter  beyond  doubt.    The 
more    highly  altered  and  schistose    condition  of  the  larger  intrusion, 


^  Quart.  Joum.  (J^eol.  Soc.,  vol.  xlviL,  p.  447. 
«  See  Gumming,  "  Isle  of  Man,"  p.  94. 
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though  to  some  extent  explicable  as  the  result  of  its  abnormal  strike 
athwart  the  cleavage,  is  further  evidence  for  its  greater  antiquity. 

The  olivine-dolente  dykes  of  Langness  preserve  the  accustonied  N.W. 
or  W.N.W.  trend,  whether  they  traverse  slate,  oon^omerate,  or  limestone. 
An  example  2  feet  wide  occurs  on  the  N.  side  of  Dreswick  Points  striking 
into  the  cliff  near  the  S.K  corner  of  the  Lighthouse  yard ;  anotlier,  still 
smaller,  on  the  N.  side  of  Spire  GtUlet ;  a  group  of  branching  and 
interlacing  strings,  intersecting  a  *  greenstone,'  between  The  Goayr  and 
Creg  Cttstane^  220  yards  farther  I^.  :  a  similar  but  broader  |Toup,  in  the 
recess  on  the  S.  side  of  Martha  Gullet,  with  a  flier  in  the  Gullet  itself ; 
after  which  there  is  an  interval  of  three-quarters  of  a  mile  before  we 
reach  the  next,  on  the  S.  side  of  the  inlet  isolating  St.  Michaers  Island, 
wherein  a  thin  bnmchi ng  dyke  may  be  seen  struggling  in  a  sinuous  course 
across  the  S.W.  side  of  liaruio  Broogh  and  the  e^ore  to  the  westward, 
reappearing  on  the  beach  at  the  N.  end  of  the  causeway  on  St  Michaers 
Island. 

On  the  shore  of  Derby  Haven  west  of  St.  Michael's  Island  the  slates 
with  their  associated  small  intrusions,  though  much  obscured  by  sea- 
weed and  beach-materialj  may  be  traced  up  to  the  edge  of  the  Carboniferous 
rocks  which  occupy  the  mterior  of  the  Haven.  In  the  middle  of  the  inlet 
.  50  yards  south  ot  the  Breakwater  Lighthouse,  a  little  patch  of  the  stainea 
slates  unconformably  overlain  by  the  Carboniferous  Conglomerate  is 
brought  up  by  a  small  fault  just  above  the  level  of  the  lowest  tides.  A 
dyke  of  ohvine-dolerite  accompanies  the  fault. 

Sonth-eastem  Coast,  north  of  the  Carboniferoni  Books. 

The  Carboniferous  rocks  end  off  against  an  east  and  west  fault  (see  p.  199) 
which  brings  up  the  slates  on  the  coast  at  Cass  ny  Hawin  (eastern  edge  of 
Sheet  16).  Besides  the  boundary  fault,  there  is  at  this  point,  as  Cumming 
observed,^  a  cross-fracture  striking  N.N.K,  which  shows  as  a  broken  fold 
and  crush-belt  in  the  Limestone,  but  makes  a  more  definite  fault  in  the 
Slates,  bringing  down  stained  rocks  on  the  eastern  side  against  unstained 
beds  on  the  western.  As  already  remarked,  the  slates  north  of  this  place, 
though  recognized  as  forming  part  of  the  Lonan  Flags,  do  not  greativ 
differ  from  thase  of  Langness.  being  chiefly  thinly-bedded  strongly-striped 
pale  grey  and  blue  flaggy  rocfcsj  ereatly  crumpled  and  folded,  witn  a  pre- 
valent dip  towards  S.S.E.  at  high  angles.  In  places  they  contain  hard 
concretionary  nodules,  sometimes  pyritous,  sometimes  with  cone-in-cone 
structure  in  their  outer  portion.  Pseudo-ripple-marking  (see  Fig.  18, 
p.  74),  pseudo-cross-bedding  and  other  deformation  structures  are  in  pLaces 
DeautifuUy  developed.  Small  sheared  disjointed  dykes,  chiefly  of  the 
'  camptonite '  type,  are  as  abundant  as  on  Langness,  and  present  the  same 
general  characters. 

The  sections  differ  from  those  of  Langness,  however,  in  the  presence,  m 
places,  of  massive  bands  of  coarse  pebbly  grit  and  quartzite  of  peculiar  cna- 
racter.  Conspicuous  among  these  is  a  bed  of  quartz- veined  quartzite,  15  to 
20  feet  thick,  which  abuts  against  the  boundary  fault  on  the  shore  at  dead 
low  water  at  Cass  ny  Hawin,  and  strikes  thence  N.N.E.  into  the  cliff  on 
the  S.  side  of  Cass  ny  Hawin  Head  (Sheet  17).  Like  the  dykes,  this  biuid 
is  broken  off  into  disjointed  segments  which  are  arranged  en  ickelon^  being 
api)arently  shifted  bit  by  bit  northward  by  faults  or  thrusts  ;  and  it  fdso 
oiten  simulates  an  intrusion  by  breaking  across  the  bedding  planes  of  the 
softer  strata  in  contact  with  it,  as  elsewhere  described  (p.  46).  It  is  here 
and  there  accompanied  for  a  short  distance  by  small  dykes  which  have 
found  vent  along  its  margin. 

This  quartzite  may  be  traced  in  the  cliff  for  about  200  yards  and  is  then 
lost ;  but  reappears  300  yards  farther  N.,  on  the  S.  shore  of  the  inlet  of 
Port  Soldrick  (not  to  be  confounded  with  Port  Soderick,  3^  miles  disrtauit). 

^  "  Isle  of  Man,"  p.  109 
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It  seems  then  to  be  shifted  southward  to  near  low-water  on „ 

side  of  the  inlet ;  whence  its  segments  may  be  traced,  as  before,  f or  o 

vards,  until  cut  off  in  the  cliff  by  another  fault  and  lost,  the  line  of  fracture 
being  occupied  by  an  olivitic-dolerite  dyke  striking  N.W. 

In  the  last-mentioned  cliff-aection  there  is  evidence  tliat  tlie  Ijand  ia 
sharply  folded,  and  that  its  apparent  thicknenw  is  thereby  incrcaKe<l,  as  shown 
in  the  following  fipire ;  a  greenstone  dyke  (B  )  han  lieen  intruded  near  the 
juDctioD  of  the  gnt  with  t£e  slate,  apparently  after  the  folding  took  place. 

Fig.  48.  Dioffram  of  cliff-seetion  on  the  easteiii  side 
of  the  second  recess  east  of  Port  Soldnck.  Ex- 
pianation  in  text. 

Height  about  60  feet. 


The  massive  qnartzite  of  the  isolated  outcrop  in  the  N.W.  of  the  Island 
near  Skereetal  (Sheet  9\  described  on  a  previous  page  (p.  137),  b^ra  much 
resemblance  to  this  band. 

On  the  shore  near  low-water  mark  south  of  Cass  ny  Hawtn  Head,  to  tlie 
seaward  of  the  quartiite,  we  reach  the  most  southerly  exposure  of  the  i)ebl)ly 
grits  of  Santon  Head  whose  main  development  farther  northward  was  dis- 
cussed in  the  foregoing  chapter  (pp.  46-7).  Off  the  headland,  these  grits  diB- 
appear  and  are  not  again  seen  above  low-water  mark  for  nearly  H  miles. 
Between  Port  Soldrick  and  Port  Qrenaugh  and  thence  to  Trate  ny  Stoat 
thin-bedded  sandy  slates  and  flags  prevail  in  the  cliff,  with  hardet  thicker 
greeuish-gre^  fla^  of  the  more  typical  Lonan  type  at  low-water  and  in 
places  reaclung  the  cliff-line.  This  part  of  the  Island  is  so  thoroughly 
riddled  with  t£e  greenstone  dykes  that  six  or  eight  of  these  intrusions 
may  frequently  be  counted  between  high  and  low  water  on  the  broader 
tracts  of  foreshore.  They  fall  into  two  iD-delined  classic,  possibly  of  some- 
what different  age  ;  one  group  consisting  of  fine-textured  somewhat  pale 
greenish-grey  rocks  of  the  camptonite  type,  probably  the  older  ;  and  the 
other,  of  dark  newer-looking  diabase,  weathering  with  a  roughish  surface  ; 
but  minor  differences  and  iatennediate  variations  are  common  (see  p.  298). 
Instances  of  small  dykes  intersecting  others  of  previous  consolidation  may 
be  observed  in  several  places,  e.y.,  in  the  cliff  600  yards  west  of  Port 
Urenau^ 

This  part  of  the  coast  is  also  traversed  by  a  group  of  the  olivine-doleritc 
intrusions;  of  which  the  most  southerly  is  that  occupying  the  fault  referred 
to  above  ;  while  four  others  occur  between  that  spot  and  Port  Grenaugh  ; 
and  two  more  between  Fort  Grenaugh  and  Purl  Veg  ^see  list,  p.  330),  of 
which  the  more  westerly  accompanies  a  line  of  fault  striking  N.  SO  W.  into 
the  cliff  on  the  east  aide  of  Trait  ny  Sloat,  700  yardu  east  of  Port  Qrenaughj 
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ST  WEST  Thick-bedded  fine-pained  splintery  flags  make  their  appearance  in  the 
\T,  Ann's  cliff  on  the  eastern  side  of  the  last-mentioned  fault,  and  are  associated  with 
^D.  bands  of  pebbly  grit  like  those  of  Cass-ny-Hawin  Head.    These  pebbly 

bands  are  well  seen  in  Purt  Veg,  where  they  extend  inland  for  at  least  200 
yards,  being  exposed  in  the  craggy  ground  on  the  S.  side  of  Mary  Voar 
farm.    They  are  lost  in  the  ))rojection  of  the  coast  to  the  K  of  Purt  Veg^ 
which  is  composed  of  the  thick  splintery  flags  in  wide  folds  :  but  reappear 
in  the  recess  on  the  west  side  of  St.  Ann's  (Santon)  Head!  and  are  con- 
tinuous thence  eastward  for  200  to  250  yards  until  thev    'noae  out'   in 
the  cliff  on  the  eastern  flank  of  the  headland  through  the  pitching  of  the 
folds,  as  described  on  p.  47,  Fig.  5. 
iTH  OF         The  northerly  trend  of  the  coast  beyond  St  Ann's  Head  carries  m 
Ann's     gradually  out  of  the  region  of  the  thick-bedded  sandy  flags,  which  about 
^i>*  half  a  mile  N.  of  the  headland  be^n  to  alternate  with  more  thinly  bedded 

rocks  with  a  larger  proportion  of  argillaceous  material,  like  those  of  Port 
Grenaugh.  At  Pistol  Castle  and  thence  to  Staiden  this  latter  type  pre- 
dominates ;  but  is  replaced  by  thicker  flags  a^in  at  the  next  h^ulfand  and 
in  the  cliffs  beyond,  up  to  the  southern  margin  of  Port  Soderick  (Sheet  13 : 
see  p.  155). 

Though  not  again  well  seen  on  the  coast,  the  coarse  grit  and  quartzite 
crop  cut  in  low  broken  ridges,  probably  the  crests  of  folds,  at  Balla- 
cregga,a  quarter  of  a  mile  inland  from  Staiden. 

1  ne  character  of  the  folding  in  these  sections  suggests  that  the  synclinal 
trough  of  Clay  Head  and  Douglas  Head  (see  pp.  161-3)  is  prolonged  under  the 
sea  and  skirts  this  part  of  the  coast  not  far  below  low-water,  so  that  the 
more  salient  points  like  Gob  Lhiack  (S.  of  Port  Soderick)  and  St.  Ann's 
Head  come  nearly  into  the  bend  of  the  trough. 

To  this  cause  we  may  perhaps  assign  the  deflection  noticeable  in  the 
gi-eenstone  dykes  between  Purt  veg  and  Port  Soderick  which  rarely  pursue 
the  customary  E.N.E.  strike,  but  are  usually  coursed  E.  10'  to  30'  a.  We 
have  already  noticed  a  similar  deflection  in  the  dykes  of  Clay  Head  and 
jmrts  of  Doujglas  Head,  and  have  discussed  the  probability  that  the  change 
of  direction  is  in  some  way  connected  with  the  synclinal  axis. 

Certain  of  the  thicker  diabases  in  this  area,  of  fresher  aspect  than  the 
rest,  may  be  of  newer  date  than  the  majority  of  the  greenstones. 

Of  the  numerous  dykes  of  this  coast  it  will  suffice  to  enumerate  the 
following,  which  are  much  above  the  average  in  thickness: — a  diabase 
of  9  feet,  on  the  eastern  side  of  Pv/rt  Veg  ;  a  similar  dyke  of  10  to  15  feet, 
in  the  cliff  300  yards  N.  of  Pistol  Castle ;  and  another  of  10  feet  or  more  in 
a  low-water  crag  at  Staiden.  The  olivine-doleritcs  are  represented  by  a 
small  example  in  the  cliff  350  yards  N.  of  Staiden  ;  the  elvans  seem  to  be 
absent 

Interior  of  the  Southern  Diyision. 

An  account  of  the  stratified  rocks  of  the  interior  of  the  peninsnU 
between  Port  Erin  and  Port  St.  Mary  (Sheets  16  and  18)  has  been  given 
in  the  previous  chapter  (p.  42-3  •  see  also  Fig.  20,  p.  76);  and  also  of  thoee 
of  the  high  ground  J^.E.  of  Fleshwick  (Sheet  16  :  p.  44,  and  Fig.  4).  Of 
the  i^eous  rocks  of  this  area  not  already  noticed,  the  only  one  requiring 
individual  mention  is  a  small  band  of  somewhat  peciiliar  character,  obscurely 
exposed  on  the  southern  slope  of  Mull  Hill  a  few  yards  N.W.  of  the  hi^- 
road  at  the  edge  of  the  moorland  at  Cregneish,  and  again  on  the  hillside 
E.N.E.,  of  The  Chasms,  which  may  possibly  be  of  volcanic  origin  (see  p. 
324). 
The  upper  waters  of  the  Colby  River  (Sheets  12  and  10)  cross  the  strike 
BY  of  the  Carnanes  quartz- veined  grit  bands  (p.  43),  but  these  rocks  are  not  so 

CK  BASIN,  well  exposed  in  the  stream  as  on  the  steep  rid^  of  Slieau  Eairystane  to 
the  eastward  of  it  (p.  45).  The  grits  are  again  slightly  exposed  on  the 
lower  cultivated  ground  to  the  westward  of  the  river,  near  tne  houses  400 
to  500  yards  S.  of  Lhingaguc,and  at  Cronkedooney  (Sheet  16).  In  the  remain- 
der of  the  stream-course,  down  to  Ck)lby  where  the  solid  rocks  are  lost 
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beneath  drift  and  alluvium,  we  find  alternations  of  thinly-bedded  slaty 
and  sandy  flags,  like  those  of  Langness ;  and  siniilar  strata  are  seen  in 
the  scanty  exposures  which  occur  amid  the  cultivated  slopes  extending 
thence  eastwara  to  the  margin  of  the  Carboniferous  rocks  and  the  valley 
of  the  Silverbum  (see  p.  169).  The  dominant  dip  of  the  stratification 
throughout  this  district  is  towards  S.S.E.,  but  sharp  isoclinal  folding  is 
often  visible. 

A  dyke  of  *  greenstone  *  10  feet  wide  occurs  in  the  main  stream  at  the 
weir  above  the  mill  at  Colby,  and  a  quartz- vein  adjacent  to  it  has  yelded 
indications  of  lead-ore.  A  similar  intrusion,  600  yards  W.S.W.  of  this,  in 
the  bed  of  the  BeUahbey  tributary  40  yards  above  Ballasherlockey  is 
probably  the  prolongation  of  the  same  dyke.  A  smaller  example  is  ex 
posed  in  the  channel  of  the  little  feeder  flowing  S.W.  from  Greyney 
Mooar,  350  yards  above  its  junction  with  the  main  stream. 

An  olivine-dolerite  dyke,  about  10  feet  wide,  in  which  the  olivine 
crystals  are  unusually  well  preserved,  crosses  the  bed  of  the  Colby  due 
W.  of  Ballacannell,  not  far  from  its  source  (N.  edge  of  Sheet  16).  Another 
of  these  supposed  Tertiary  intrusions  is  revealed  about  30  yards  below 
the  bridge  at  the  Com  Mill  in  Colby  village ;  and  again  on  the  W.  side  of 
BeUahb^  Glen  nearly  opposite  to  Ballasherlocke  where  a  mining  level 
has  been  driven  into  the  oank.  In  the  Ballacorkish  lead-mine,  500  yards 
farther  west,  from  which  a  considerable  quantity  of  lead-ore  has  been  raised, 
a  similar  dyke  accompanies  the  metalliferous  lode  and  has  been  penetrated 
for  some  distance  in  the  galleries  of  the  mine.  The  lode  has  a  general 
N.-  S.  course,  but  is  displaced  by  E. — W.  faults  or  "  slides."  (See  further 
details,  pp.  532-4.) 

In  tne  same  district  the  relics  of  unsuccessful  mines  may  be  seen  250 
yards  north  of  Balldsherlocke,  and  again  half  a  mile  east  of  Colby,  300 
yards  north  of  the  main  road  (p.  535). 

South-eastern  Area. 

• 

To  the  north-eastward  of  the  CarboniferoiLs  basin  (Sheet  17),  the  country 
is  occupied  by  the  thinly-bedded  slaty  and  sandy  Lonan  Flags  excepting  in 
the  vicinity  of  the  coast,  where  the  grits  and  quartzites  already  described  are 
locally  developed.  The  lower  ground  is  usually  heavily  encumbered  with 
driit ;  but  on  the  rise  between  the  valley  of  the  Santon  Bum  and  Glen 
Grenaugh  there  is  a  tract  in  which  rock,  more  or  less  weathered,  is  generally 
near  the  surface;  and  similar  conditions  recur  in  the  vicinity  of  the  dry 
Crogga  Glen  (p.  170). 

A  boss  of  igneous  material  diflferent  from  any  of  the  other  intrusions  of  Oatlani 
the  Island  crops  out  in  the  northern  part  of  this  area,  near  the  farm  of  Graniti' 
Oatland  (Sheet  17  and  extending  into  Sheet  13).  The  chief  exposures 
occur  in  a  series  of  low  crags,  which  are  quarried  for  road-metal  by  shallow 
excavations  in  a  field  300  yards  west  of  the  farmhouse.  The  rock  at  this 
place  is  a  palish  grey  close-grained  granitite  (see  p.  321),  but  this  material 
18  fringed  on  the  westward,  northward  and  eastward  by  a  narrow  rim  of 
dark  green  diabase  full  of  augite  crystals.  This  diabase  crops  out  in  the 
same  field,  in  the  crags  near  the  N.  W.  fence  :  in  the  next  field  north-east- 
ward, 60  vards  from  the  fence  ;  in  front  of  the  house  and  in  the  farmyard 
at  Oatland;  in  the  field  on  the  S.E.  side  of  that  containing  the  granitite 
quarries  ;  and  in  the  field  adjoining  the  last-mentioned  on  the  west.  The 
actual  contact  of  the  granitite  with  the  basic  rock  was  not  visible  in  1890-7; 
but  that  they  are  conterminous  is  beyond  doubt,  since  in  its  northerly  out- 
crop close  to  the  N.E.  fence  of  the  quarried  field  the  granitite  is  full  of 
.  angular  or  partially  rounded  fragments  of  the  basic  rock,  while  the  latter  in 
Oatland  famiyard  is  veined  with  thin  strings  of  the  granitite.  These  facts 
also  indicate  that  the  acid  ro?k  is  of  later  consolidation  than  the  diabase. 
Further  particulars  re3j)ecting  the  relationship  of  these  rocks,  along  with 
an  account  of  their  petrographical  stmctures,  are  given  in  Cnapter  VIIL, 
pp.  320-2. 
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The  northern  and  southern  margins  of  this  complex  intrusion  are  hidden 
by  drift ;  but  on  the  east,  in  front  of  Oatland  farm-house,  baked  splintery 
flags  are  seen  close  to  the  contact,  and  on  the  western  side  there  is.  in  a 
small  auarrjr,  a  still  better  exposure  of  similar  flag^  traversed  by  a  oasic 
dyke  2  feet  wide.  Altered  splintery  flags  are  also  revved  in  a  quarry  by  the 
side  of  the  road,  200  yards  due  south  of  Oatland.  The  total  length  of  the 
intrusive  boss  from  N.E.  to  S.W.  is  probably  about  900  yards,  and  its  width 
from  N.W  to  S.R,  300  yards. 

It  is  possible  that  a  small  boss  of  diorite  may  exist  inunediately  beneath 
the  surface  in  a  field  (on  which  Wells  is  engraved  on  six-inch  Sheet  17) 
nearly  half  a  mile  west  of  Santon  Churc^  or  260  yards  W.N.W.  of 
Ballacrine  farmstead,  as  the  soil  near  the  N.W*  fence  of  the  field  is  fuU  of 
angular  fragments  of  this  material  A  thickish  greenstone  dyke,  perhaps 
a  continuation  of  that  in  the  bed  of  Crogga  Siver  previously  described 
(p.  170),  crops  out  on  the  steep  hillside,  60  yards  north  or  the  railwajy,  at  the 
S.W.  entrance  to  Crogga  Glen  (Sheet  17).  Smaller  dykes  of  similar 
character  occur  in  the  railway  cuttings  respectively  600  yards  and  half  a 
mile  east  of  Santon  Station ;  but  considering  the  manner  in  which  the 
adjacent  coast-line  is  permeated  with  d^ke-matenal,  it  is  remarkable  how 
few  of  the  intrusions  are  visible  in  the  inland  exposures.  The  more  rapid 
decomposition  of  the  igneous  rock,  together  with  the  difficulty  in  ais- 
tinguishing  the  dykes  from  the  flags,  especially  in  small  outcrops,  may 
perhaps  be  the  reason  for  the  discrepancy. 
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CHAPTER   V, 

THE  CARBONIFEROUS  ROCKS  OF  THE  SOUTHERN 

DISTRICT. 

Historical  and  Oeneral. 

The  presence  of  the  small  tract  of  limesiuue  in  the  south  of 
the  Island  has  received  notice  in  most  of  the  old  topographical 
descriptions,  on  account  of  its  economic  importance  in  a  country 
so  generally  devoid  of  calcareous  rocks.  The  quarries  in  this 
rock  have  not  only  been  the  chief  source  of  lime  in  the 
Island,  but  have  also  furnished  its  best  building  stone.  The 
ancient  and  well-preserved  Castle  Rushen  at  Castletown, 
dating  back  at  least  to  the  13th  century,  is  built  of  this  local 
limestone. 

Of  the  early  geological  writers.  Woods  described  the  Carboni- 
ferous rocks  of  the  south  as  "transition  Umestone";  Berger 
classed  them  as  "  Floetz  Rocks,"  and  observed  with  regard  to 
the  fossils  that  Parkinson  had  noticed  "  that  the  whole  much 
resemble  those  found  in  Westmorland,  Cumberland,  Durham, 
and,  as  far  as  he  can  judge,  those  of  Kilkenny."  Macculloch 
discussed  at  considerable  length  the  relations  existing  between 
the  stratified  and  unstratified  portions  of  the  limestone  at 
Poolvash  and  elsewhere,  and  noticed  the  unconformabiUty  at 
the  base  of  the  conglomerate  associated  with  the '  limestone 
on  Langness.  In  the  nomenclature  of  the  period,  he  classed 
the  slates  as  "  Primarv,"  and  the  limestone  and  associated  strata 
as  "  Secondary."  Henslow  gave  a  more  generally  accurate 
account  of  the  extent  and  stratigraphical  relations  of  these 
deposits,  and  was  the  first  to  recognise  the  volcanic  character 
of  the  breccias  overlying  the  limestone  on  the  coast  between 
Scarlet  and  PoolvasL 

When  the  term  "  Carboniferous  "  was  introduced  for  the 
equivalent  rocks  of  the  mainland,  the  Manx  limestones  were 
relegated  to  this  system  without  further  question;  and  were 
thus  shown  on  the  map  published  by  Conybeare  and  Phillips 
in  1822.^  Indeed,  this  classification  had  been  adopted  some 
years  previously  by  William  Smith  in  his  manuscript  geological 
map  of  England  and  Wales,*  and  under  the  title  oi  "Derby- 
shire Limestojie,"  in  his  published  map  of  1815. 

Towards  the  middle  of  the  century  our  knowledge  of  these 

*  Frontispiece  to  "  Outlines  of  the  Gteology  of  England  and  Wales."  The 
map  bears  the  date  1821.  but  the  title  page  of  the  volume  is  dated  1822. 

«  See  Prof.  J.  W.  Judd  on  "  William  Smith's  Manuscript  Maps."  GeoL 
Mag.,  dec.  iv.,  vol.  iv.  (1897),  p.  446. 
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rocks  was  greatly  extended  by  the  Rev.  J.  G.  Gumming, 
whose  painstaking  investigations  of  the  Limestone  Series  and 
its  fauna  supplied  a  wealth  of  careful  and  accurate  detail  upon 
which  we  shall  draw  extensively  in  the  subsequent  pages.  As 
mentioned  in  a  previous  chapter  (p.  18),  this  author  divided 
the  series  into  Old  Red  Sandstone  and  Conglomerate;  Lower 
or  Castletown  Limestone;  Upper  or  Poolvash  Limestone;  and 
Posidonia  Schist  or  Poolvash  Black  Marble.  Owing  to  the 
extremely  limited  superficial  extent  of  the  two  latter  of  these 
divisions  and  to  their  peculiarly  compUcated  outcrops,  it  has  not 
been  found  practicable  to  show  them  separately  from  the  Lower 
Limestone  on  the  Survey  Map,  but  they  will  be  treated  indepen- 
dently in   the  descriptions  which  follow. 

The  contributions  to  our  knowledge  of  the  Manx  Carboniferous 
Limestone  since   Cmnming  wrote  have  been  few  and  imimpor- 
tiint ;   they  consist  principallv  of  incidental  references  to  liLmx 
fossils  in  works  dealing  with  the  palaeontology  of  the  Carbonifer- 
ous System  (see  Bibuograjphical  Appendix,  pp.   590-5).      Our 
knowledge  of  the  Carboniferous  Volcanic  rocks  of  Scarlet  has, 
however,  meanwhile  been  largely  augmented  by  the  labours  of 
Messrs.  Home,  Ward  and  Hobson,  and  Sir  Arch.  Geikie  (see 
pp.  228-33) ;  and  in  recent  years  the  surmises  of  Ciunming  and 
others  (see  p.  280)  that  Carboniferous  rocks  might  exist  beneath 
the  drift-plam  at  the  northern  extremity  of  the  island,  have  been 
verified  by  deep  borings  carried  out  by  Messrs.  Craine  Broa,  of 
Liverpool.    These  borings  have,  as  yet,  been  too  few  in  number 
to  make  clear  the  full  extent  and   composition  of  the  Carbon- 
iferous strata  in  this  area,  but  are  sufficient  to  prove  their  greater 
thickness  and  diversity  than  in  any  other  part  of  the  island. 
We  owe  to  Prof.  W.  Boyd  Dawkins  and  Mr.  J.  Todd  the  first 
published  information  regarding  these  borings  (see  pp.  280-95). 

Like  the  southern  Limestones  the  little  strip  of  Red  Sand- 
stone and  Conglomerate  on  the  western  coast  north  of  Peel  has 
received  notice  in  all  the  early  topographical  and  geological 
accounts  of  the  Island,  as  being  the  only  "  freestone  "  found  therein. 
It  was  classed  by  Berger,  Macculloch  and  Henslow  with  the 
Conglomerate  which  underlies  the  Carboniferous  Limestone  at 
Langncss,  but  was  shown  as  *New  Red  Sandstone'  in  the 
map  of  Conybeare  and  Phillips  of  1822  (see  p.  264).  Cunmiing 
and  the  later  writers  on  the  subject  were  unanimous  in  consider- 
ing it  to  be  older  than  the  Carboniferous  Limestone  of  the  south- 
em  basin,  until  1894,  when  Prof.  W.  Boyd  Dawkins  in  publishing 
a  more  detailed  account  of  the  deposit  than  had  hitherto  been 
attempted,  claimed  it  to  be  of  Permian  age  (see  pp.  266-7).  While 
the  insufficiency  of  the  stratigraphical  evidence  leaves  this 
question  of  age  fairly  open  to  debate,  it  has  seemed  to  the 
present  writer,  as  will  siiosequently  be  shown,  that  the  weight 
of  probability  is  still  in  favour  of  the  older  and  long  ac- 
cepted view;  and  the  rocks  have  therefore  been  classified  on 
the  map  as  Basement  Beds  of  the  Carboniferous. 
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In  the  following  pa^es,  the  rocks  of  the  three  above-mentioned 
areas,  being  both  htholo^ically  and  geographically  distinct, 
will  be  separately  describea,  in  the  following  order : — 

1.  The  Conglomerate,  Limestones,  and  Volcanic  Rocks  of  the 

Southern  Basin.  -  (Chap.  V.) 

2.  The  Peel  Sandstones.     ((Jhan  VI.) 

3.  The  strata  underlying  the  Drift  of  the  Northern   Plain 

(Chap.  VII.) 

THE    CABBONIFEROTJS   BASIN    OF    THE    SOXTTH    OF 

THE   ISLAND. 

From  the  variety  of  its  phenomena  and  their  magnificent 
display  in  the  coast-sections,  this  small  tract  of  between  7 
ana  8  square  miles  in  extent  is  of  exceptional  geological  interest. 
It  stretches  from  Cass-ny-Hawin  (the  mouth  of  the  Santon 
River)  on  the  east,  to  Bay-ny-Carrickey  on  the  west,  a  distance 
of  4^  miles ;  and  from  Langness  Point  on  the  south,  to  Athol 
Bridge  (where  the  Peel  and  Castletown  highroad  crosses  the 
Silverbum)  on  the  north,  a  distance  of  4  miles,  Castletown 
the  ancient  capital  of  the  Island  lying  nearly  in  the  middle  of 
the  basin.  In  outline,  the  basin  is  somewhat  oblong,  with 
the  longer  diameter  nmning  N.E.  to  S.W.,  or  parallel  to  the 
hilly  central  axis  of  the  Island.  The  limestones  of  which  it  is 
principally  composed  are  fringed  on  the  north-east  and  south- 
east sides  by  the  basal  conglomerate ;  are  cut  off  by  a  fault  on 
the  north-west ;  and  bounded  by  the  overlymg  volcanic  rocks 
and  by  the  sea  oii  the  south.  Its  highest  strata  lie  adjacent  to 
the  coast  about  a  mile  to  the  westward  of  Castletown,  and  are 
surrounded  by  the  lower  divisions  on  all  sides  except  the  south, 
where  they  pass  beneath  the  sea. 

In  the  mterior  the  limestones  occupy  a  low-lying  undulating 
tract  usually  covered  thickly  with  drift  or  alluvium,  their 
exposures  being  almost  limited  to  the  valleys  of  the  Silverbum. 
and  one  of  its  tributaries  north  of  Ballasalla,  and  to  certain  large 
quarries  west  of  that  village.  Under  these  conditions,  the  exact 
inland  boundaries  can  be  fixed  at  only  a  few  points,  and  must  be 
drawn  more  or  less  conjecturally  across  the  intervening  spaces ; 
and  as  small  faults  are  numerous  in  the  district,  the  aotted 
boundary  shown  on  the  map  can  be  only  approximately  correct. 

Basing  our  classification  upon  that  ot  Cumming,  we  recognise 
in  the  m.sin  the  following  divisions  (here  given  in  descending 
sequence,  but  subsequently  described  in  reverse  or  ascending 
oraer) : — 

5.  Volcanic  Series  of  Scarlet. 

4.  Posidonomya  Beds. 

3.  Poolvash  or  Pale  Limestones. 

2.  Castletown  or  Lower  Dark  Limestones. 

1.  Basement  Conglomerate. 


JOO 
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BaMment  Conglomerate. 

In  the  south  of  the  Isle  of  Man  it  is  certiun  thiit  the  vast 
interval  of  time  between  the  period  of  the  Manx  Slate  Series  and 
the  eiirliest  stage  of  the  Carboniferous  epoch  is  entirelj  unrepre- 
sented in  the  succession  of  the  strata.  Id  the  north  of  the 
Island  there  remains  the  slight  possibility  that  some  portion  of 
this  interval  may  have  its  representative  among  the  rocks  which 
lie  hidden  beneath  the  drift  plain. 

Fig.  49. — Sketch-section  of  the  most  northerly  of  Th$ 
Arches,  Langness,  shotdng  uncoj^ormdbUiiy  at  bate 
of  Carboniferous  Jiocks. 

Height,  about  18  feet 


""j»T-'  -  **-~  — -■- 


d'  CarboniferoQB  Basement  Conglomerata. 
a   Manx  Slates,  with  red  Btaining. 
F  Small  fault 


Before  the  beach-coi^lomeratoa  were  spread  out,  which  in  the 
southern  district  form  the  base  of  the  Carboniferous  SyBtem, 
the  Manx  Slates  of  the  central  massif,  after  having  undetgoue 
the  violent  structural  changes  and  igneous  permeation  descnbed 
in  the  foregoing  chapters,  had  been  cut  d!own  to  tie  core  by 
denudation,  whereby  any  intervening  strata  which  may  have 
existed  in  this  quarter  must  necossari^  have  been  destroyed. 

The  Carboniferous  basement  bods  are  seen  to  rest  upon  the 
denuded  edges  of  the  slates  in  the  most  consmcuoua  and  striki^ 
manner  in  the  coast-sections  on  Langness.  The  low  cliflf  at  The 
Arches  on  the  western  side  of  the  promontory  presents  a 
nmgnificcnt   illustration   of    this    unconformability,   which  has 
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been  many  times  described  and  figured.'  The  section  is  so 
iDStructive  that  no  excuse  is  needed  for  again  presenting  it 
(Fig.  49). 

Equally  or  even  more  impressive  are  the  exposures  on  the 
western  side  of  Dreswick  Point,  half  a  mile  ferther  southward, 
where  the  base  of  the  conglomerate  is  exactly  at  the  level  of  the 

E resent  foreshore,  so  that  as  the  ancient  beach  material  is 
rosened  and  removed  by  the  waves  of  to-day,  the  tides  once 
more  ebb  and  flow  across  the  old  tidal  flat  of  slate  which  they 
washed  in  Early  Carboniferous  times.  We  may  tread  this 
ancient  feature  fii^m  high  to  low  water  mark,  and  note  how  the 
harder  ribs  of  quartzite  and  vein-quartz  in  the  slates  have  formed 
ridges  on  the  old  shore,  and  how  the  narrow  dykes  of  greenstone 
have  rotted  away  into  little  gullies  in  the  past,  just  as  they  still 
do.  After  many  cycles  of  cha^e,  coosuming  an  interval  too  vast 
for  us  to  measure,  the  old  conditions  are  renewed  at  this  spot ; 
and  the  sea,  unaffected  by  time,  returns  once  more  to  roll  the 
Carboniferous  shingle  over  the  Carboniferous  shore.  But  a 
%hthou8e  now  stands  guard  above  it ! 

Fio.  60. — Section  across  foreshore  at  Langness  Point, 
south  of  Lighthouse,  shoimng  eroded  surface  of  slates 
beTteath  Carbon^erous  Basement  Conglomerate. 

Height  abont  10  feet 


d'  Cvbonifennu  Basement  Conglomerate,  filling  hollows  in  the  slates : 
a  large  block  of  grit  at  *  measnres  4  ft  by  S  ft 

a     Manx  Slates. 

B"  Pre-Carboniferous  greenstone  dyke,  8  inches  wide,  along  which  a 
gully  3  feet  wide  and  S  feet  dee^  has  been  eroded  on  the  Carboniferous 
^lore.    This  is  prolonged  into  a  similar  golly  on  the  present  shore. 

That  the  Conglomerate  has  had  its  origin  as  a  marine  beach  is 
proved  not  only  by  its  general  characters  but  also  by  its  relation 
to  the  overlying  limestones,  into  which  It  passes  by  gentle 
gradations.  It  is  chiefly  of  a  dull  red  colour,  and  this  tint  has 
stained  the  slates  beneath  it,  to  a  varying  extent,  sometimes  only 
superficially  and  sometimes  to  a  considerable  depth.  Its  pebbles 
are  of  all  sizes  up  to  a  foot  or  more  ia  diameter,  Dut  the  majority 
are  smaller  than  a  clenched  hand ;  they  are  usually  well-rounded 

'  Ciunming's  "  Isle  of  Man,"  Plate  at  p.  88 ;  Clifton  Ward,  Geol.  Mag 
dec.  ii.,  vol  vil.,  pi,  1 ;  W.  W.  Watts.  "Geology  for  Beginners,"  Fig.  166, 
p.  S23. 
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but  occasionally  subongular.  They  may  all  have  been  demed 
from  the  subjacent  rocks,'  being  chiefly  of  vein-quartz,  quartzite 
and  greywacke,  with  rarer  fragments  of  diabase  and  smte.  [n 
this  respect  the  deposit  differs  from  the  pebbly  bands  in  the 
Peel  Sandstone,  which  contain  material  not  known  to  exist  withio 
the  Island  (see  p.  263).  The  stones  of  the  Conglomerate  are  set 
in  a  gritty  matrix,  and  in  places  they  are  intercalated  with 
lenticular  beds  of  red  sandstone.  As  usual  in  deposits  of 
this  character,  the  thickness  is  very  irregular  and  the  bedding 
impersLstont.  Prof.  Bawkins  has  stated  that  in  the  bed  of  the 
Awin  Ruy,  north  of  Bollasalk,  the  conglomerate  is  "  about  159 
feet  thick  ";  but  this  estimate  certainly  exceeds  the  thickness  at 
other  localities.*    A  mcosuremont  across  the   foreshore  to  lov 

Fig.  51. — Section  on  shore  S.E.  of  last,  skotoinff  grU- 
band  (a")  in  slates  (a)  standing  up  in  a  small  ridge 
beneath  c<mglomerate  (d'). 

Eught,  about  4  feet. 


water  at  the  northern  side  of  Derby  Haven  gives  55  feet  ol 
these  beds  (including  5  feet  of  gritty  limestone  marking  the 
upward  passage  into  the  limestone),  but  the  conglomerate  is  not 
exposed  quite  to  its  base  in  this  locality :  a  minmg  trial  on  tlw 
western  side  of  Langness  passed  through  about  60  feet  ot 
conglomerate  before  reaching  the  slate  (see  p.  538).  The 
only    fossils  known    to  occur    in    it    are    those    recorded   bj 

'  See  W.  Boyd  Dawkins,  "  Vanain  Lioar,"  vol.  i,  p.  HJ,  and  Bep.  Britaab 

Absoc.,  1896,  p.  T75. 

'  "Vannio  Lioar,"  vol.  i.  p.  17,  The  figurea  seem  to  have  been  anivedat 
by  calculation  from  the  dip  and  width  ofoutcrop,  as  direct  meaauremeDt  a 
not  practicable  in  th's  exponiire.  Cumming  was  of  opinion  that  "in  no 
place  where  it  can  beobserved  iait  more  than  60feet  in  thickneaa  ['60feet' 
in  '  Quide  Book  'J,  being  often  not  more  than  4  or  5  feet." — Qvart.  Jm^*. 
Oeol,  Soc.,  vol.  ii.,  p.  320 
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Ciimniing  from  the  uppermost  calcareous  layers  at  the  back  of 
the  Abbey  garden  at  Ballasalla,  where  a  rock  consisting  of 
'  pebbles  of  white  quartz  in  a  ^pray  matrix  of  limestone  includes 
the  characteristic  fossils  (particularly  Orthis  Sharpti)  of  the 
lowest  Ihnestone  series  as  seen  elsewhere  in  this  basin."i 

These  transitional  layers  of  the  Conglomerate  are  of  similar 
cjharacter  wherever  seen,  consisting  of  thin  bands  of  hard  calca- 
reous grit  and  of  limestone  wth  small  pebbles.  The  conditions 
indicate  that  with  the  proOTCSsive  subsidence,  the  deposition  of 
limestone  commenced  m  the  quieter  oflF-shore  waters,  while  the 
beach-conglomerate  was  still  creeping  upward  on  the  flanks  of 
the  slowly  sinking  land ;  hence  wo  hnd  that  the  Lower  Limestones 
are  thin  and  flaggy,  and  intercalated  with  thickish  partings  of 
somewhat  sandy  shale,  and  occasionally  contain  small  isolated 
pebbles  of  quartz  (see  pp.  204, 244).  The  phenomena  are,  in  fact, 
analogous  to  those  which  generally  prevail  at  the  base  of  the 
Carboniferous  System  around  the  northern  part  of  the  Irish  Sea, 
in  north-western  England,  south-western  Scotland  and  eastern 
Ireland. 

FCJBTHR  StSATIORAPHICAL  DETAILS  OF  THE    CARBONIFEROUS    BaSBMENT 

Beds. 
(Six-inch  Sheets  16  and  19.) 

Commencing  with  the  coast-sections  at  the  north-eastern  edce  of  the  qass-nv 
basin  at  Cass-ny-Hawin  (eastern  margin  of  6  inch  Sheet  16),  we  find  the  Car-  hawin. 
bonif erous  Limestone  brought  in  suddenly  against  the  slates  by  a  fault  striking 
W.  8  N.  with  a  southward  downthrow  of  approximately  120  feet.  At  low 
water  of  spring  tides  a  narrow  strip  of  conglomerate  in  proximity  to 
dark  gritty  limestone  may  be  seen  along  the  line  of  the  fault  on  the  shore. 
The  exposure  is  not  sufficiently  clear  to  show  whether  this  is  a  wedge  dis- 
placed Detween  branches  of  the  fault,  or  whether,  as  seems  very  probable,  it 
represents  a  true  emergence  of  the  basement  beds  below  the  limestone. 
A  patch  of  the  same  rock,  mixed  with  fault-breccia,  is  seen  to  accompany 
the  fault  in  the  adjacent  cliff.  By  this  dislocation  the  main  mass  of  the 
conglomerate  is  cut  out  of  the  coast  section  and  shifted  inland  for  about 
300  yards,  where  its  outcrop  is  exposed  in  some  low  crags  in  the  field  east 
of  the  rofifcd  to  Ballawood^  farm,  as  well  as  in  the  road  itself  and  on  the 
western  tip  of  the  ravine  which  the  Santon  River  has  excavated  in 
in  the  underlying  slates.  The  upper  boundary  of  the  conglomerate  is  also 
fixed  in  this  locality  by  the  presence  of  dark  blue  fossiliferous  lime- 
stone in  some  old  auarries  in  the  field  to  the  westward  of  the  above- 
mentioned  road ;  ana  as  the  dips  in  the.?e  exjwsures  are  low.  say  from  5' 
to  8*,  westward,  the  basement  beds  must  here  be  comparatively  thin. 

In  following  the  coast  southward  from  Cass-ny-Hawin,  though  the 
Limestone  occupies  the  whole  foreshore  for  the  next  j  mile,  its  base  is 
probably  never   far  below  low  water  ;  and  in  the  outer  reef   at  Loch 

*  "  Isle  of  Afan,"  p.  44.  Among  Cumming's  fossils  preserved  at  King 
William*s  College,  Castletown,  there  is  a  specimen  showing  Spirifera 
alaJbra  ?  Mart,  in  a  matrix  of  limestone  with  small  quartz  peoblcs.  The 
[abel  give«  the  locality  "Ballahot,"  a  place  near  Ballasalla  where  the 
topmost  beds  of  the  cx)nglomerate  are  slightly  exposed  (see  p.  197). 

*  As  in  the  preceding  chapters,  the  use  of  italics  in  these  descriptions 
denotes  that  the  place-name  will  d^  found  only  on  the  six-inch  Ordnance 
map. 
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Skillicore  the  lowest  lim&stone  strata  brought  up  by  a  sli^t  anticline 
of  a  gritty  character.    A  little  farther  south  a  small  branching  fault  eleva 
the  civ.^t  of  the  above-mentioned  anticline,  so  that  the  conglomerate  occup 
the  lower  half  of  the  foreshore  opposite  Ronaldsway.    At  this  place 
following  section  was  measured. 


I. — Section  of  base  of  C>arl>oniferous  rocks  on  foreshore  on 
northern  side  of  Derby  Haven  opposite  Ronaldsway. 


Thickne 


Ft.  in. 

Carboniferous  Limestone,  blue  weathering  pale,  in  lenticular 

and  ^euerallv  very  lumpy  l>eds  6  inches  to  2  feet  thick ; 

fossils  abundant    (Productus,  etc.,  corals,  encrinites,  etc.)  ; 

thickness  (u]>  to  low  clitf  at  old  limekiln)  -        -        38  to  40ft. 
Tliiii  lenticular  liniestone-i^ourse^s,  smoother  and  less  dolomitized  , 

than  1h?1ow -        -;60 

Bbic  limestone  with  dolomitized  bands  and  irregular  brecciated  i 

jf»int.s      --        --        -        -        --        -        about  I    13    0 

Calcar  'ous  ^Tit  or  gritty  limestone,  weathering  with  curioas 

brec'.natcd  asiK.»ct  (due  to  irregular  dolomitization  ?)       about  j      5    0 
Hard  smooth  grey  calcareous  grit,  ahnast  like  (^uartzite,  with 

rhoTnlK)idal  joints 20 

Pebbly  c(mgl(nnerate  ;  thickening  northward  -  -  -  -  t  l  0 
Dark  soft  ^haly  san<lstone  with  some  pebbles  -  -  al>out  j  5  0 
Palish  blue  jK'bbly  grit  or  cpiartzite,  weathering  dark  ;  passes  ' 

into  conglomerate  lM>th  ways  along  strike      -        -        -        -  I      6    0 
Very    coarse    irregular    yellow    conglomerate,  cross-bedded, 

with  sandy  streaks  ;  containing  boulders  of  up  to  2  feet  i 

diameter about 

Sandy  yellow  band,  smaller  stonas 

Alternations  of    sandy  and    coarse   bouldery  conglomerate, 

yellowish,  stained  re<l  in  places 

Yellow  congloinenite,  in  some  ])laces  sandy  in  others  coarse, 

with  sul)angular  stones  over  1  foot  diameter  -        -        -        - 

Coarse  red  conglomerate 

JiOwer  beds  visible  l>eneath  sea  at  low  water.  j 

Note.— All  the  beds  of  conglomerate  are  very  impersistent  and  chanj 
able,  so  that  the  details  vary  from  point  to  point. 

pv  In  crossing  Derby  Haven  a  slight  depression  reduces  the  Basement  Be 

H\vkn9  ^^  ^  narrow  strip  just  \isible  at  the  lowest  tides  on  the  outer  side  of  t 

Ihvakwatcr  ;  but  they  afterwards  creep  ui)wards  again,  so  that  100  yai 
south  of  the  Breakwater  their  l»ase  is  exiH)sed,  resting  upon  an  unev 
surfai;e  of  stained  slate.  The  steej>er  dip,  of  al)out  30'  towards  W.N.\ 
at  this  place,  in  the  vicinity  of  a  fault,  (piickly  brings  on  the  overlyi 
sandy  limestone,  the  whole  outcroji  of  the  conglomerate  having  a  wid 
of  about  -10  yards.  The  foi-eshore  is,  however,  so  much  obscured  by  bcac 
material  and  seaweed  that  only  a  small  ix)rtion  of  the  deposit  can 
studied. 

Th»*  small  fault  just  referred  to  has  been  taken  possession  of  hj\ 
olivine-dolerite  dyke  ;  its  effect  is  to  bring  the  lowest  beds  of  the  limestoi 
against  tlie  conglomerate  in  the  middle  of  Derby  Haven,  and  to  shift  tl 
outcrop  of  the  latter  100  yards  eastward,  where  the  rocks  are  for  the  mo 
part  hidden  under  beach-material.  The  S.S.W.  prolongation  of  the  ant 
cline  noticed  at  Skillicore  and  Ronaldsway  is  a^gain  intercepted  by  tl 
coast  on  the  southern  shore  of  Derby  Haven ;  and  is  succeeded  eastward  I 
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a  shallow  syncline  which  brings  in  a  small  trough  of  sandy  limestone  flanked 
on  both  sides  by  the  conglomerate.  The  most  easterly  exposure  of  the  Base- 
ment Beds  in  Derby  Haven  is  at  high-water  mark  a  few  yards  east  of  the 
gate  across  the  road  to  St.  Michael's  Island,  where  coarsish  conglomerate  is 
seen  in  contact  ^ith  stained  slate  ;  but  whether  the  junction  is  normal,  or 
slightly  faulted,  is  not  clearly  shown.  Crossing  the  isthmus  of  sand-dunes,  j^xvQVEBi 
less  than  200  yards  in  width,  which  separates  Derby  Haven  from  Castletown 
Bay,  we  find  a  broad  flat  foreshore  on  which  the  line  of  disturbance  above 
noted  can  a^n  be  recognised,  the  anticline  breaking  into  a  small  fault  and 
uplifting  a  little  pear-shaped  inlier  of  pebble-beds,  traversed  by  two  small 
oUvine-dolerite  cfykes,  among  the  lowest  limestones.  The  main  belt  of 
conglomerate  is  magnificently  exposed  150  yards  farther  southward,  being 
continuous  thence  along  the  shore  nearly  to  the  southern  extremity  oi 
Langness.  In  these  extensive  surfaces,  showing  a  confused  admixture  of 
large  and  small  stones  and  pebbles,  interspersed  with  seams  of  sand,  its 
beach-like  character  is  most  impressive ;  and  the  interest  of  the  scene  is 
heightened  by  the  presence  of  a  plexus  of  black  olivine-dolerite  dykes 
ramifying  among  the  red  conglomerate.  Towards  low- tide  mark,  the  rocks 
are  cut  up  by  water-channels  and  obscured  by  a  heavy  growth 'ot  seaweed  ; 
but  in  spite  of  these  difficulties  it  is  possible  to  trace  the  sandy  upper  mar- 
gin of  tiie  conglomerate  passing  up  into  gritty  limestone,  as  far  southward 
a-»  Creg  Inneen  Thalleyr,  but  south  of  this  spot  the  conglomerate  extends 
to  low- water.  ^ 

One  of  the  trial  shafts  of  the  Langness  Copper  mines  (see  p.  538),  300 
yards  S.  of  Langness  Farm,  a  few  feet  above  nigh -water  mark  on  the 
llaised-beach  platform,  starting  in  .the  npi)er  part  of  the  Basement  Beds, 

Cenetrated  50  feet  of  these  beds  and  then  entered  the  slates.  A  small  fault 
rin^  up  the  slates,  on  the  E.,  against  the  conglomerate,  in  the  bank  below 
the  Langness  farmstead  ;  and  a  similar  faulted  junction  occurs  nearly  on 
the  same  line  450  yards  further  southward,  on  the  western  side  of  the 
low  cliff  at  the  Copper  Mine  buildings.  The  main  shaft  of  the  mine  was 
sunk  in  the  slate  at  this  place  ;  but  a  level  at  a  dei)th  of  12  fathoms  went 
N.W.  to  the  fault,  and  reached  the  conglomerate  and  one  of  the  olivine- 
dolerite  dykes  ;  a  second  level  at  25  fathoms  was  entirely  in  slate  (p.  638). 
South  of  the  mine,  the  slates  occupy  the  low  cliff  and  the  irpper  part  of  the 
shore  for  a  distance  of  400  yards,  wnen  the  beds  are  again  affectedf  by  a  small 
fault  which  brings  the  conglomerate  into  the  cliff-section  at  The  Arches,  as 
shown  in  Fig.  49,  p.  190. 

The  small  dyke,  supposed  to  be  of  the  age  of  the  Carboniferous  Volcanic 
Series,  which  traverses  the  slate  and  the  conglomerate  on  the  shore  imme- 
diately to  the  northward  of  The  Arches,  has  been  elsewhere  described  (see 
p.  125). 

From  this  place  to  Fat-t  Bravag  in  the  northern  elbow  of  Langness  Point, 
the  picturesque  cliff  and  foreshore  are  composed  entirely  of  conglomerate  ; 
and  a  level  had,  in  1895-6,  been  driven  eastwaid  for  36  fathoms  into  the 
cliff  at  the  southern  end  of  The  Arches  without  reaching  the  slate.  At 
Bravag  the  base  of  the  conglomerate  again  rises  above  the  shore,  and  pass- 
ing over  the  ridge  of  slate  which  forms  Langness  Point  descends  gradually 
on  the  southern  side  to  low  water  at  Dreswick  Harbour,  where  the  main 
belt  occupies  a  strip  of  the  coast  160  yards  wide,  with  several  small  out- 
lying cake-like  masses  resting  upon  the  upturned  edges  of  the  slate  between 
high  and  low  water  marks.  The  chief  features  of  these  fine  cxiK)sure8 
have  already  received  our  attention  ^pp.  191-2,  Figs.  50,  51). 

We  do  not  again  find  the  base  of  the  Carboniferous  rocks  revealed  on  the  p^^^  ^ 
coast.    But  at  the  western  edge  of  the  basin,  4^  miles  W.  of  Langness,  the  j^j^jjy*'  ' 
calcareous  top  of  the  conglomerate  is  just  visible  in  the  outer  harbour  at 

1  The  characteristi'*.  differences  between  the  foreshores  formed  respectively 
of  limestones,  conglomerates,  and  slates  on  the  southern  coast  of  the  Island 
are  expressed  on  the  Ordnance  map  by  different  ornamentation.  This  is  on 
the  whole  well  done,  though  the  boundaries  are  often  not  quite  correct. 
The  larger  olivine-dolerite  dykes  are  also  sometimes  indicated 
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Port  St.  Mary  between  tide-marks,  at  the  edge  of  the  fault  which  fonnsthe 
landward  boundary  of  the  isolated  patch  of  Carboniferous  limestone.  The 
presence  of  the  conglomerate  in  tnis  locality  was  noticed  by  Macculloch* 
and  Henslow  '\  but  was  overlooked  by  Cummins  '  and  subsequent  writers. 
It  occurs  as  a  narrow  strip  parallel  to  the  fault,  the  following  being  the 
downward  succession : — 

Black  sandy  limestone  (extending  up  to  the  New  Pier.) 
Dark  pebbly  grit,  3  inches. 
Brown  sandy  grit  with  pebbles,  1  to  2  feet 
t  Dark  gritty  limestone,  2  feet. 
Fault— bringing  in  the  Slates. 

The  same  calcareous  pebbly  beds  were  found  below  low- water  in  pre- 
paring the  foundations  for  the  extension  of  the  pier  at  this  place  in  18S3. 
Mr.  James  Walker,  C.E.  informed  the  writer  that  the  divers  were  at  work 
here  on  a  low  submerged  cliff,  6  to  8  feet  high,  the  U{)per  part  oomposed 
of  limestone,  and  the  lower  of  the  pebbly  rock.  Specimens  procured  for 
the  Survey  by  the  divers,  \mder  Mr.  Walker's  instructions,  consisted  d 
pebbly  conglomerate  of  rounded  fragments  of  vein -quartz  'set  in  a  dark 
gritty  calcareous  matrix,  the  pebbles  being  somewhat  larger  than  those  in 
the  outcrop  on  the  foreshore.  The  rock  resembles  the  topmost  layers  ol 
the  conglomerate  exposed  at  Ballahot  and  Ballaaalla  in  the  interior. 

The  presence  of  the  top  of  the  Basement  Beds  in  tl^  Quarter, 
together  with  other  evidence  mentioned  below,  seems  to  indicate  mat  the 
boundary-fault  which  cuts  off  the  Limestone-basin  westward  may  owe  its 
strong  effect  upon  the  stratigraphy,  not  so  much  to  the  amount  of  its 
vertical  displacement  as  to  its  position  near  the  base  of  the  CarUmiferons 
Series  in  its  present  line  of  outcrop. 

At  Scarlet  Point  the  disturbed  mass  of  limestone  a4]acent  to  the  Volcanic 
rocks  contains,  in  one  part,  a  seam  of  scattered  pebbles  of  quartz,'sugge8tiiig 
that  it  may  include  portions  of  the  lowermost  limestone  beds.  Its  present 
anomalous  relations  will  be  subsequently  discussed  (p.  244). 

Along  the  north-eastern  margin  of  the  limestone-tract  in  the  interior,  the 
Basement  Beds  are  well  displayed  at  several  points.  In  the  road-cutting  at 
Ballakewin,  200  yards  soutn  of  Athol  Bridge,  coarse  red  conglomerate  is 
revealed,  resting  on  stained  slate.  The  ground  to  the  westward  of  Uus 
ex|X)sure  is  covered  with  drift ;  but  red  conglomeratic  rubble  probably 
marking  a  weathered  outcrop  was  noticed  in  the  gutter  a(i(joining  tne  ruins 
of  a  cottage  350  yards  W.S.  W.  of  Ballavell :  while  in  the  same  gutter  about 
70  yards  farther  north-westward  the  solid  slate  is  reached.  The  soil  in  the 
S.W.  corner  of  the  next  field  westward  seems  a^n  to  indicate  that  the 
conglomerate  is  close  to  the  surface ;  and  on  this  evidence  the  westerly 
curve  has  been  drawn  in  its  boundary  on  the  map.  The  facts  suggest  thii 
at  this  place  its  limits  have  not  been  much  curtailed  by  the  boundiuy-faiilt 

Forty  yards  below  Athol  Bridge  the  conglomerate  is  visible  in  the  bed  of 
the  Silverburn,  with  limestone  above  it  in  the  eastern  bank.  In  the 
adjacent  field  the  decomposed  limestone  was  formerly  dug  for  the 
manufacture  of  umber*.  TTiese  Carboniferous  rocks  form  a  small  outlier 
cut  off  by  a  fault  running  approximately  in  the  direction  of  the 
valley,  or  nearly  at  right  angles  to  the  main  Carboniferous  boundary-faolt 
As  tne  ^ound  to  the  eastward  is  drift-covered,  the  evidence  in  regard  to 
this  outlier  is  confined  to  the  immediate  neij;:hl>ourhood  of  the  stream-bed 
and  that  of  a  little  tributary ;  and  the  mapping  is  therefore  necessarily  m»o 
or  less  conjectural.  The  complications  extend  down  to  the  village  of 
Ballasalla  ;  the  rendering  of  tne  ground  finally  adopted,  after  repeated 
examination,  agrees  closely  with  that  given  by  Cumming.  Gritty  limestone 
and  sandy  shale  is  visible  in  the  little  tributary  of  the  Silverburn  on  the 

>  '*  Western  Isles,"  vol.  I  [.,  p.  509. 
-  Trans.  Gcol.  Soc,  vol.  V.,  p.  492. 
3 "  Isle  of  Man,"  p.  143. 

*  A  shallow  excavation  for  this  purpose  was  in  progress  in  1892,  irfien 
the  ground  was  surveyed. 
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easterD  side  of  BsJlashimmin  ;  but  there  is  no  exposure  of  the  outer  belt  of 
conglomerate  indicated  on  the  map  at  the  north-eastern  mar^n  of  the 
outUer,  though  the  presence  of  conglomerate-rubble  in  the  drift  m  a  gutter 
150  yards  north-east  of  Ballashinunin  supports  the  likelihood  of  its 
existence.  The  outlier  appears  to  be  bounded  on  the  south-east  by  a  third 
dislocation,  having  a  N.L.  course  parallel  to  the  principal  boundary-fault ; 
the  evidence  being  that  at  the  sharp  bend  of  the  Silverbum  200  yards  N. W. 
of  Crtgg  Mdl^  slate  is  exposed  at  tne  foot  of  the  slope  (close  to  the  building 
used  in  18d3-4  as  a  Mineral- water  Factory)  and  in  the  road  leading  down  it, 
while  gritty  limestone  dipping  to  south-west  occurs  in  the  bottom  of  the 
stream  on  the  north-west  side  of  the  bend,  and  is  succeeded  downward  by 
fine  pebbly  conglomerate  and  then  by  coarse  conglomerate  ;  and  these  rocks 
are  replaced  suddenly  by  quartzite  belonging  to  the  Manx  Slates  at  the 
turn  of  the  curve.  Thence  to  Crtgg  Mill  the  stream  runs  in  a  gully  carved 
out  of  quartzite  and  slate  ;  but  its  course  must  lie  very  near  the  line  of 
the  N.W.  and  S.E.  fault,  as  the  following  downward  succession  can  be  made 
out  in  the  northern  bank  of  the  road  up  the  slope  east  of  the  mill. 

Dark  Limestone  (in  place  ?)  at  bend  at  top  of  slope. 
*    *    *    *    (gap  of  several  feet,  not  seen) ; 

Fine-i 


-mined  calcareous  grit. 
*    *    *    (gap  of  a  few  feet) ; 


Bands  of  calcareous  grit  with  layers  of  small  pebbles  of  quartz. 

♦  *    *    *    (gap  of  a  few  feet) ; 

Conglomerate  with  rounded  and  sub-angular  stones  up  to  4  inches  in 

diameter,  1,3  to  5  feet  seen. 

♦  ♦    ♦    ♦    (gap  of  several  feet,  not  exposed)  ; 

Slate  and  quartzite  (Manx  Slate  Series)  forming  the  foundations  of  the 

bridge. 

The  fault  crosses  the  stream  150  yards  below  the  mill,  where  con- 
glomerate and  pebbly  limestone  are  slightly  exhibited  in  the  bed  of  the 
stream,  while  slate  and  quartzite  are  exposed  m  the  western  bank.  A  short 
level  has  been  driven  into  the  latter  rocks  in  search  of  iron-ore  (p.  484).  A 
little  lower  down  the  valley  there  are  a  few  exposures  of  limestone,  to  which 
later  reference  will  be  made. 

Awin  Ruy,  the  tributary  which  falls  into  the  Silverbum  from  the  north-east 
at  the  northern  end  of  the  village  of  Ballasalla,  flows  at  right  angles  to  the 
strike  of  the  main  belt  of  Basement  Beds  and  these  rocks  are  revealed  in 
sevend  places  in  its  bed.  At  the  mainroad-crossing  the  stream  is  in  dark 
limestone  dipping  gently  towards  S.S.W.  ;  100  yards  farther  north  pebbly 
limestone  is  seen,  followed  by  sandstone,  marking  the  upper  limit  of  the 
conglomerate;  and  another  exposure  400  yards  north  of  the  mainroad 
shows  pebbly  sandstone  interbedded  with  coarse  conglomerate,  resting 
upon  or  against  purple-stained  quartzite  of  the  Slate  Series*.  The  altitude 
of  the  quartzite  m  tne  walls  of  the  ravine  just  above  the  junction  of  this  rock 
with  the  conglomerate  suggests  slight  faulting,  or  otherwise  considerable 
onevenness  of  the  old  surface  beneath  the  conglomerate. 

From  these  exposures  to  those  in  the  vicinity  of  Cass-ny-Hawin  already 
described,  a  distance  of  Ij  mile,  the  outcrop  of  the  Basement  Beds  is 
completely  hidden  by  drift. 

To  the  westward  of  the  Silverbum  only  two  outcrops  remain  to  be  noticed. 
Pebbly  limestone  and  fine  quartz-conglomerate  are  exposed  in  the  bank  on 
the  western  side  of  the  gardens  of  Rushen  Abbey,  at  which  place,  as  noted 
above,  Gumming  found  fossils  of  the  Lower  Limestone  series  m  the  pebbly 
rock.  Similar  material  crops  up  in  the  road  at  the  farm  of  Ballahot,  \  mile 
farther  westward,  furnishing  evidence  of  the  upper  limits  of  the  Basement 
Beds  in  this  quarter. 


*  See  p.  192  and  footnote,  with  reference  to  the  supposed  thickness  of  the 
Basement  Beds  in  these  exposures. 
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Lower  or  Castletown  Limestone. 

In  extent  and  thickness  the  Lower  Limestones  constitute  by 
far  the  most  important  division  of  the  Carboniferous  rocks  of 
the  south  of  the  Island.  Thejr  consist  of  flaggy  courses  of  dark 
blue  limestone,  fix>m  a  few  mches  to  a  few  feet  in  thickness, 
separated  by  partings  of  black  shale,  which  are  thickest  and 
most  numerous  towards  the  base  of  the  division.  Thin 
lenticular  patches  and  nodules  of  chert  are  locally  abundant  at 
certain  horizons,  especially  towards  the  top  of  the  division  on 
the  coast  west  of  Castletown  Harbour.  In  the  lower  part  fossils 
are  plentiful,  comprising  many  common  Carboniferous  Limestone 
forms  (see  table  at  end  of  chapter,  pp.  257-62);  the  higher  beds 
contain  fewer  fossils,  but  in  them  are  found  certain  species  like 
Prolecanites  compresaus  (Ooniatttea  Henslowi)  and  Nautilus 
{Discitesi)  coviplanatus  which  are  of  more  restricted  distribu- 
tion. 

The  differentiation  of  the  division  from  the  higher  portions  of 
the  limestone  series,  though  grounded  principally  upon  Ethological 
characters,  appears  to  rest  also  upon  a  soimd  palaeontolc^cal 
basis.  An  adequate  investigation  of  the  latter  branch  oi  the 
enquiry  would  however  have  consumed  more  time  than  could  be 
allowed  for  the  survey  of  this  limited  tract ;  so  that  we  are  still 
compelled  to  rely  pnncipaUy  upon  the  previous  work  of  Gum- 
ming for  information  m  regard  to  the  distribution  of  the 
fossUs,  supplemented  bv  a  few  notes  most  kindly  prepared 
for  us  by  Dr.  Wheelton  Hind  from  his  personal  knowledge  of  the 
deposits  (see  pp.  254-6). 

The  following  passages  are  quoted  verbatim  from  Gunmiing, 
and  contain  his  analysis  of  tne  subject  as  ^ven  in  the  notes 
which  follow  his  lists  oi  Manx  Carboniferous  Limestone  fossils 
("  Isle  of  Man  "  Appendix  Q,  p.  358). 

"  In  order  to  show  a  reason  for  the  separation  which  I  have  made  of  the 
Carboniferous  limestone  series  of  the  Isle  of  Man  into  three  divisions  of— 
1st,  Lower  limestone  ;  2nd,  Poolvdsh  ilimestone  ;  3rd,  Posidonian  schist,  it 
will  be  sufficient  to  call  attention  to  the  following  facts. 

"  Of  the  222  species  named  and  located  in  [the  fossil  list]  we  have  only 
30  common  to  1st  and  2nd  ;  only  8  common  to  1st  and  3rd  ;  only  11  common 
to  2nd  and  3rd  ;  only  3  common  to  1st,  2nd  and  3rd.  Again,  of  the  76  species 
occmTing  in  1st,  40,  or  more  than  60  per  cent.,  are  found  in  it  onljr.  Of  the 
153  species  occurring  in  the  2nd,  117,  or  76  per  cent.,  are  found  in  it  only. 
Of  the  39  species  found  in  the  3rd,  20,  or  just  50  per  cent.,  belong  to  it  alone. 

"  The  fossils  characteristic  of  the  lower  limestone  series  seem  to  be  Orthis 
Sharpeij  Productus  hemisphcBriciis,  Caunojwra  ramosay  Favosites  c/eteteSj 
and  the  larger  variety  of  Cyathophtfllum  fungites}  The  localities  for  ob- 
taining them  are  the  little  creek  of  Ronaldsway,  Strandhall  to  the  west- 
ward of  Poolvash,  and  Port  St.  Mary.  At  Scarlet,  near  the  limekilns,  the 
specimens  of  Ammonites  fIe7isowlii  a,nd  NautUv^  complanatusj  which  are  in 
tne  Woodwardian  Museum,  Cambridge,  were  obtained.  I  am  not  aware 
that  the  latter  fossil  has  clnewhere  been  found." 

In  another  part  of  the  same  volume  (p.  241)  Gumming  makes  the  fol- 
lowing statement  in  regard  to  the  wider  correlation  of  the  Lower  Limestone : 

'  For  modem  terminology,  see  Notes  and  List  at  end  of  chapter. 
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"  On  a  oomparison  of  the  fossils  of  this  division  with  those  of  the  carboni- 
erous  series  m  other  parts  of  the  British  Isles,  we  find  them  remarkably 
igreeinK  with  the  lower  Northumbrian  type,  or  still  more  closely  with  the 
«ries  developed  in  the  neighbourhood  of  Hook  Point  m  the  south  of 
Ireland  ;  they  may  very  well  be  compared  also  with  the  Kendal  beds  "  (see 
dsop.  208). 

The  gradual  downward  passage  of  the  Lower  Limestone  into 
ihe  Basement  Conglomerate  has  already  been  described.  Its 
ipward  limits  and  relation  to  the  Poolvash  Limestone  are 
ll-defined;  they  will  be  more  conveniently  dealt  with  in 
iiscussing  that  division  (see  p.  210).  Gumming  estimated  the 
tiiiekness  of  the  Lower  Limestones  at  not  more  than  160  feet^, 
but  it  will  be  subsequently  shown  that  this  is  probably  too  low. 
Fhese  rocks  occupy  the  whole  of  the  southern  Carboniferous 
basin  within  the  rim  of  Basement  Beds,  except  a  narrow  strip 
bordering  the  coast  between  Scarlet  Point  and  Balladoole, 
where  alone  are  the  higher  divisions  and  the  Volcanic  series 
preserved. 

FUBTHER  StRATIGRAPHICAL  DETAILS  OF  THE   LoWER  LIMESTONES. 

From  Cass-ny-Hawin,  where  the  basal  beds- of  the  Lower  Limestones  are  Cass- NY- 
faulted  down  against  the  slates  under  conditions  stated  on  a  foregoing  page,  Hawin  to 
the  division  occupies  the  whole  of  the  foreshore  and  low  cliff  up  to  Ronalds-  Derby 
way.  Gumming  nas  given  a  minute  and  accurate  account  of  tnis  part  of  the  Haven. 
coast,  with  an  enlarged  ground-plan  showing  the  system  of  small  faults 
and  flexures  by  which  it  is  characterized.'^  The  governing  dij)  is  towards 
W.N.W.,  but  this  is  subject  to  incessant  variation  owing  to  the 
above-mentioned  disturbances,  the  general  effect  of  whicn  is  to 
throw  the  limestone  into  a  succession  of  shallow  basins  and  low  domes, 
with  steeper  plications  which  occasionally  break  into  actual  faults.  The 
flaggy  character  of  the  bedding  brings  out  these  features  very  clearly  on 
theoroad  foreshore.  The  axis  of  disturbance  alluded  to  in  discussing  the 
conglomerate  runs  S.S.W.  from  the  vicinity  of  Cass-ny-Hawin,  where 
it  appears  to  be  a  true  fault,  to  Skillicore,  where  it  takes  the  form  of  a 
sharp  narrow  anticline  with  some  crushing  of  the  limestone  but  perhaps 
without  actual  dislocation.  Opposite  Konaldsway  it  enters  the  con- 
^omerate  and  its  course  thence  nas  already  been  traced.  Other  minor 
mies  of  crush  and  slight  faulting,  sometimes  crossing  each  other  with  a 
rudely  reticulate  arrangement,  strike  in  directions  varying  between  W.S.  W, 
and  N.W.  Dolomitization  of  the  limestone  has  gone  on  extensively  along 
these  disturbances,  and  sometimes  spreads  out  from  them  along  the 
bedding-planes.  Small  veins  of  calcite,  quartz  and  dolomite  are 
common,  and  at  Skillicore  a  mass  of  shattered  and  stained  limestone  has 
been  recemented  by  vein-material  into  a  belt  of  "beautiful  variegated 
appearance,''  as  noted  by  Gumming,^  who  says  that  "some  attempts  to 
work  it  as  a  marble-quarry  have  been  defeated  by  the  large  admixture 
of  quart^  and  the  fractured  character  of  the  rock." 

A  marked  feature  of  these  flaggy  limestones  is  the  lumpy  lenticular 
character  of  the  bedding,  the  upper  surface  of  many  of  the  courses  being 
embossed  with  rounded  protuberances,  from  a  few  inches  to  a  few  feet  in 
diameter,  often  rising  several  inches  above  the  general  level.  These  are  still 
more  strongly  developed  at  the  same  and  higher  horizons  farther  westward. 
They  seem  to  be  original  stiiictures  of  the  beds,  due  to  the  presence  of 
masses  of  coral  or  clusters  of  shells,  though  it  is  only  occasionally  that 

^  Quart.  Joum.  Greol.  Soc.  vol.  ii.,  p.  320. 

*  Quart.  Joum.  Geol.  Soc.  vol.  ii.,  pi.  xvi.  and  "  Isle  of  Man,"  pi.  at  end. 

»  *^lBle  of  Man,"  p.  106. 
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the  organic  remains  are  still  preserved  in  them.  The  subject  will  bd 
subsequently  referred  to  in  relation  to  some  anomalous  features  in  the 
Poolvash  Limestones  (see  p.  250.) 

The  following  section  was  measured  in  1892  on  the  foreshore  and  foot  of 
the  cliff  between  Cass-ny-Hawin  and  the  Skillicore  disturbance.  The 
measurement  was  rendered  somewhat  doubtful  in  places  by  the  disturb- 
ances of  the  strata ;  but  the  section  gives  approximately  the  succession  and 
the  thickness  of  the  beds  above  the  conglomerate  on  this  part  of  the  coast 
It  will  bo  seen  that  a  thickness  of  about  150  feet  of  limestone  and  shale  is 
represented. 


II. — Section  of  Carboniferous    Limestone   on  the  shore 
between  Cass-ny-Hawin  and  Skillicore. 


Limestone  courses  with  thicki.sh  shale  partings,  seen  in  foot  of 
cliff  N.  of  Skillicore  ;  beds  to  southward  much  confused  by 
small  faults,  but  probably  no  higher  strata  exposed  up  to 
the  Skillicore  disturbance      -        -        -        "  .     *      . " 

Limestone  courses,  weathering  rough,  with  thin  partings  of 
shale  :  small  cncrinites  and  large  corals  abundant :  in  reef 
and  cliff  N.  of  Skillicore 

Alternations  of  rhomboidal  -  jointed  flaggv  limestone, 
and  shale.  Encrinitcs  and  other  fossils  abundant ;  re- 
ticulate corals  plentiful  in  lower  part  -        -        -        -        - 

Limestone  band  with  conspicious  rhomboidal  structure    - 

do.       weathering  rough 

Alternations  of  thin  platy  limestone  and  shale  -        -        about 

Beds  hidden  by  shingle probably  about 

Shaly  beds  with  thin  limestone.    Productus,  etc.,  abundant     - 

Alternations  of  thin  shaly  limestone  with  thicker  paler  lime- 
stone courses.  The  shale  bands  contain  curious  nodule-like 
lumps  of  limestone.  These  beds  form  a  reef  in  small  bay  S. 
of  Cfass-ny-Hawin """ 

Thicker  limestone-courses,  very  irregular ;  interrupted  by 
small  fault -       about 

Dark-blue  thin  limestone  bands  with  shale  partings  ;  bedding 
lumpy  and  lenticular  ;  corals,  encrinites,  and  other  fossils    - 

Shale 

Thicker  limestone  courses 

Lenticular  lumpy  limestone  bands  with  shale  partings     • 

Shale  with  thin  platy  limestone        -        - 

Thin  irregular  limestone  bands  with  thin  shale  partings  - 

Palish  blue  limestone,  weathered  ^ith  rou^h  surface  ;  forming 
top  of  reef  on  south  side  of  Cass-ny-Hawin  fault  -.       -        - 

Dark  limestone  in  thin  lumpy  bands  with  shale  partings  - 

Dark  grejish  limestone 

Doloiiiitized  massive  limestone,  confused  by  fault,  and  thick- 
ness doubtful-         t say 

Basement  Conglomerate.  Top  just  seen  on  beach  near  low 
water  at  Cass-ny-Hawin,  S.  of  fault  bringing  up  Manx 
Slates    
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The  exact  effect  of  the  interrui)tion  at  Skillicore  has  not  been  determined, 
but  the  amount  of  displacement  is  not  likely  to  be  more  than  a  few  feet, 
probably  causing  a  slight  repetition  on  the  western  side.  Between  this 
place  and  the  Ronaldsway  fault,  which  breaks  the  upward  sequence  by 
oringing  in  the  lower  beds  again,  the  following  details  were  notedy  ahowimg 
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an  additional  40  feet  or  so  of  higher  strata,  and  thereby  considerably  exceed- 
ing Comming's  estimate  for  the  whole  thickness  of  the  Lower  Limestones. 


III. — Section  of   Carboniferous  Limestone  on  the  shore 
between  Ronaldsway  and  Skillicore. 


Thickness. 


Thin  limestone  bands  and  black  shale,  with  large  Productus, 
etc. ;  on  shore  of  Ronaldsway  inlet  and  in  cliff  at  north 

side seen,  about 

Thicker  paler  limestone  bands,  many  fossils      -        -        .        - 

Shale         - - 

Dark  grey  limestone,  weathering  pale;  many  small  brachio- 

pods 

Shale  with  nodule-like  lumos  of  limestone        -        - " 

Thin   platy  limestone-banos,  lumpy   and   lenticular;    many 

gasteropods  in  upper  layer 

Shale -        - 

Hard  blue  limestone  in  lumpy  lenticular  courses,  with  thick 

shale  partings  ;  many  fossik 

Hard   hmestone-course,  with  surface  covered  with   *fucoid' 

markings - 

Dark  limestone  courses  with  thin  shale  partings       -        -        - 

Dark  limestone  courses  with  thin  shale  partings,  very  lumpy  in 

lower   part ;    extends   up    to    Skillicore  otsturbance,  and 

probably  overlaps  top  of  Section  II.       -        -        -        about 

Thinly-bedded  slmly  limestone  seen  below  this  at  low- water 

S.  of  disturbance 
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The  upper  surface  of  the  limestone  in  the  low  cliffs  north  of  Ronalds- 
way is  sometimes  decomposed  into  brown  *  umber'.  A  group  of  small 
branching  olivine-dolerite  dykes  traverse  the  foreshore  in  a  north-westerly 
direction  at  the  northern  termination  of  Loch  Skillicore  (see  p .  330). 

The  details  of  the  interesting  section  on  the  foreshore  opposite  Ronalds- 
way in  which  the  lowermost  layers  of  the  limestone  pass  down  into 
conglomerate  have  previously  been  given*  (see  p.  194). 

In  the  inner  portion  of  Derby  Haven  the  sandy  foreshore  is  probably 
underlain  in  places  by  boulder-clay  covering  the  limestone,  but  the  latter 
rock  crops  up  nere  and  there  in  low  scars.  On  the  outer  side  of  the  Break- 
water it  IS  traversed  by  two  small  olivine-dolerite  dykes,  and  by  a  third  in 
the  line  of  fault  already  described,  140  yards  S.  of  the  Breakwater  (p.  330). 
The  short  infolded  trough  of  limestone  among  the  conglomerate  on  the 
southern  shore  of  the  Haven  has  been  previously  mentioned. 

On  the  eastern  side  of  Castletown  Bay  the  lowermost  portion  of  the  Castleto 
limestone  is  exposed  at  dead  low- water  on  Creg  Inneen  Thalleyr.  and  from  Bat. 
this  point  northward  the  outcrop  expands  until  it  occupies  the  wnole  of  the 
shore,  here  over  quarter  mile  wide  at  low  tide,  but  much  obscured  by  sea- 
we^.  The  dip  is  usually  about  W.N.W.  at  an  angle  of  10"  or  under.  A 
few  dolomitized  veins  occur,  mostly  striking  approximately  E.  and  W.,  and 
are  accompanied  by  slight  crushing ;  while  at  low  water  in  the  bend  of  the 
Bay,  80  yards  N.  of  Bldck  Rock  (6-inch  map,  Sheet  16),  a  good  example 

^dimming  describes  "a  tabular  mass  of  trappean  conglomerate,  or  of 
quartz  pebbles,  apparently  mixed  up  in  a  trappean  matrix  "  as  occurring  in 
tnis  section  between  the  limestone  and  conglomerate,  and  colours  it  as  an 
igneous  rock  on  his  publii'hed  ground-plan.  His  description  evidently  refers 
to  a  dark  pebbly  crystalline  calcareous  grit  which  occurs  in  places  in  the 
poeition  indicated. 
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of  the  domed  arrangement  of  the  bedding  may  be  noticed  ;  bat  the  strata 
as  a  whole  are  much  less  disturbed  than  m  our  former  sections.  They  are 
traversed  b^^  several  small  dykes  of  olivine-dolerite,  having  the  usual  north- 
westerly strike,  which  appear  to  occupy  discontinuous  parallel  cracks  or 
joints. 

The  two  islets  bared  at  dead  low- water  about  a  half-mile  offshore  in  this 
part  of  the  Bay,  known  as  Saiidioick  Boe  and  Boe  Norris,  are  composed  of 
dark  flaggy  limestone.  As  seen  from  the  shore  at  low  water  of  springtides, 
one  would  imagine  that  a  good  stretch  of  rock  was  exposed  in  Uiese  reefs, 
but  the  appearance  is  mainly  due  to  the  laminaria- weeds  growing  thickly  on 
their  submerged  portion  and  rising  up  out  of  the  water  surrounding  them; 
with  a  tide  of  about  19  feet  only  three  narrow  ridges  of  bare  rock  were 
found  on  Satidunck  Boe,  while  on  Boe  Morris  the  rock  exposure  was 
confined  to  one  small  boss  a  few  feet  in  diameter.  A  larger  reef,  Lheeah 
Rio,  half  mile  S.W.  of  Boe  Norris,  is  shown  on  Cumming's  map  as  limestone  ; 
but  so  far  as  I  have  been  able  to  examine  it,  with  an  ebb-tide  of  18  or  19 
feet,  the  whole  out<;rop  consists  of  dark  basalt  or  olivine-dolerite 
(see  p.  326). 

The  inner  shore  of  Castletown  Bay  for  five-sixths  of  a  mile,  from  the  N.E. 
corner  at  Sandnnck  (six-inch.  Sheet  16)  to  within  about  100  yards  of  the 
harbour,  is  usually  .covered  with  sand  and  shingle  ;  and  when  this  is  swept 
aside  hard  stony  till  is  revealed.  No  evidence  is  forthcoming  as  to  tne 
depth  to  which  the  limestone  lies  buried  in  this  gap,  but  it  is  not  unlikely 
that  the  interval  mav  conceal  a  preglacial  or  early-glacial  rock-channel, 
perhaps  that  of  the  old  Silverbiu^n,  filled  in  with  drirt.  The  embouchure 
of  the  Silverburn  at  Castletown  Harbour  is  a  narrow  post-glacial  notch 
excavated  in  the  limestone ;  and  as  its  valley  as  a  whole  is  a  preglacial 
feature,  its  present  course  here  is  evidently  not  that  which  it  once  occupied. 

The  solid  rock  reappears  near  high -water  mark  70  yards  west  of  Fiuke- 
ing  Pool,  and  is  more  or  less  continuous  thence  to  the  harbour,  though  on 
the  shore  below  about  half-tide  level  boulder-clay  was  seen  in  several 
places.  To  the  westward  of  the  Harbour  the  greater  part  of  the  tidal  i:Jat- 
form  is  composed  of  bare  limestone,  which  is  continuous  thence  to  Scarlet 
Above  high- water  immediately  to  the  westward  of  the  Pier,  the  strata  are 
more  thickly  bedded  and  paler  than  is  usual  in  the  Lower  Limestone. 
They  are  probably  near  the  top  of  the  division,  and  may  foreshadow 
the  upwarcf  passage  into  the  pale  roolvash  Limestone  which  was  recognised 
by  Cumming*  600  yards  farther  westward,  in  the  field  north  of  Knockrusften 
Iiouse.  The  dip  of  the  beds,  however,  is  variable  and  the  rocks  are  inter- 
sected by  lines  of  crashing  and  dolomitization  in  this  vicinity,  so  that  it  is 
difficult  to  make  out  the  true  sequence  :  and  though  this  limestone  is 
presumably  higher  than  any  hitherto  aescribed,  ite  actual  position  in 
the  series  cannot  be  directly  determined.  A  systematic  study  of  the  fossils 
of  the  whole  series  might  possibly  yield  this  information,  as  some  of  them 
appear  to  be  confined  to  dofmite  horizons. 

A  branching  group  of  small  olivine-dolerite  dykes  is  visible  in  the  Ume- 
stone  in  the  outer  harbour  25  yards  N.E.  of  the  rier,  and  Oumming  noticed 
"  thin  strings  of  galena  "  in  association  with  the  intrusion.  Opposite  Knock- 
rus/ien  House  the  foreshore  is  traversed  by  a  dyke  of  the  same  rock-type, 
from  18  to  24  feet  wide,  with  several  thin  fliers  in  the  limestone  outside  its 
margin  ;  it  strikes  W.  12  N.  and  is  the  broadest  example  of  its  class.  One 
hundred  and  fifty  yards  farther  south  another  of  these  intrusions,  only  a  few 
inches  wide,  is  encountered  :  another  of  similar  small  dimensions  80  yards 
beyond  ;  and  another,  in  a  decomiX)sed  and  scarcely  recognizable  condition, 
among  disturbed  limestone  at  the  landing  place  opposite  Scarlet  Bouse, 

A  more  important  but  less  accessil)le  mass  of  igneous  rock  occurs  in  the 
lowest  reef  ot  the  foreshore,  E.  5  S.  of  Scarlet  Ilimse  and  320  yards  south 
of  Seal  Rock.    This  reef^  though  shown  on  the  Ordnance  map  as  if  contin- 

*  Quart.  Journ.  Cleol.  Soc.  vol.  ii,  p.  334. 

2  The  reef  is  not  named  on  the  Ordnance  maps,  but  is  known  to  the 
fishermen  of  Castletown  as  Creg  Kermode. 
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UOas  with  the  shore  is  only  expased  at  the  lowest  spring  tides,  and  then  cau 
rarely,  if  ever,  be  reached  except  by  boat.  Dark  flaggy  limestone  'con- 
stitutes the  chief  part  of  the  reef,  and  into  this  is  intruded  a  mass  of  dark 
basaltic  rock  somewhat  resembling  that  of  the  insulated  Lheeah  Kio  out  in 
the  Bay  500  yards  to  the  south-eastward  ;  it  belongs  either  to  the  olivine- 
dolerite  dykes,  or  to  the  Scarlet  Volcanic  group,  the  latter  being  the 
more  probable  (see  p.  325).  Owing  to  the  heavy  growth  of  seaweed 
with  which  the  reef  is  covered,  the  limits  of  the  intrusion  are  difficult 
to  trace,  but  it  seems  to  form  a  boss  20  or  30  yards  in  diameter,  truncated 
by  the  sea,  narrowing  westward  into  a  dyke  a  few  feet  wide,  perhaps  con- 
tinuous with  that  aoove-mentioned  at  the  landing  place  opposite  Scarlet 
Mouse. 

Several  dolomitized  veins  occur  in  the  limestone  between  Castletown  and 
Sc^irlet.  The  general  inclination  of  the  strata  in  this  area  is  towards  gcABLBT 
W.N.W.,  but  with  many  local  disturbances  in  which  the  rocks  are  often 
elevated  into  small  domes  with  quaquaversal  dips,  having  a  flattened 
circular  or  oval  sununit.  More  or  less  perfect  examples  of  this  dome-struc- 
ture are  visible  in  the  low-water  reef  or  Seal  Rock ;  near  high-water  in  the 
recem  opposite  Scarlet  House ;  and  on  the  narrow  foreshore  between  Scar- 
let House  and  Scarlet  Point.  We  shall  have  occasion  to  revert  to  this 
structure  in  discussing  the  *  knoll-structures '  of  the  Poolvash  Lime- 
stone and  of  the  Volcanic  Series.  The  following  section  through  one  of  these 
dome^,  in  the  low  cliff  200  yards  S.W.  of  the  Scarlet  Limestone  quarry, 
reveals  a  slight  thickening  of  each  component  stratum  on  the  crest  of  the 
arch. 


Fig.  62.  Section  through  crest  of  anticline  in  dark  lime- 
stone tvith  thin  shaly  partings,  in  low  cliff  north  of 
Scarlet  Point.     Height  about  8  feet. 
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The  thickness  of  the  individual  bands  of  limestone  varies  as  under :  — 

South  side. 
Bed  No.  6      ...    43  inches 

II 

II  •• 

II 

II 

II 


\x  x^ 

5 

...       5i 

4      . 

...       6 

3 

...     10 

2 

...       8 

1 

..;  i3i 

Centre  of  dome, 
43  inches 

Rorth  tide. 
43  inches 

8|     „ 

4|     1, 

05    „ 

12   „ 

15}    „ 

6      II 

ici    „ 

8       „ 
Hi     1, 

Totals        85 


11 


97 


II 


83i 


II 


The  quarry  above-mentioned,  which  produces  both  building-stone  and 
road-material,  shows  an  excellent  section  in  dark  blue  limestone-courses 
with  black  shaly  partings,  gently  undulating  as  on  the  adjacent  foreshore ; 
and  the  upper  surface  is  well-glaciated  (see  p.  465).  These  are  probably 
the  higher  oeds  of  the  l-ower  Limestone ;  among  the  fossils  which  they 
have  yielded  (see  list,  p.  257)  the  most  interesting  are  the  rare  cephalopoda 
— Prolecanites  compressus  (Goniatites  Hensloun)^  Soleiwcheilus  pentagormSy 
Ephippioceras  bilobatuniy  Actinoceras  gtgantewtij  Flsuronautilus  ?  scarlet- 
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tennsj  the  last-named  a  new  speci<'«  recently  described  by  Mr.  F.  R.  Cow- 
per  Reed^ 

The  same  limestones  extend  for  300  yards  farther  soathward,  and  are 
then  broken  off  against  the  Volcanic  Series,  in  a  section  which  will  be 
discussed  on  a  later  page. 

Gumming  states'  that  he  measured  accurately  the  Lower  Limestone  in 
this  vicinity  and  found  that  down  to  low-water  mark  the  thickness  amounts 
to  129  feet ;  and  he  would  allow  only  50  feet  more  (which  is  probably 
insufficient)  for  the  thickness  below  low-water  mark  to  the  base  of  ue  lime- 
stone, thus  obtaining  "  in  round  numbers  180  feet  for  the  dark  limestones 
and  snales  at  the  Stack  of  Scarlet" 

From  Scarlet  Point  to  Poyll  Vaaish  (Poolvash),  a  distance  of  li  miles,  the 
Volcanic  Series  occupies  the  coast ;  and  from  Poolvash  for  one-third  of  a 
mile  westward,  the  Upper  or  Poolvash  Limestone  forms  the  principal 
constituent  of  the  sections,  though  some  patches  of  the  Lower  Limestone  may 
possibly  be  intermingled  with  it  (see  p.  214).  A  N.  and  S.  fault  which  ranges 
along  the  foot  of  the  low  cliff  near  Balladoole,  south  of  the  C!astletown  and 
^  y  Port  St.  Mary  highroad,  in  crossing  the  broad  scar  to  low-water  omxMite 
uc:cRY.  ^oy^^  Richie  bnngs  up  the  Lower  Limestones  on  its  western  aide,  and 
thejT  are  continuous  thence  on  the  shore  to  the  westward  for  two-thirds  of 
a  mile,  \mtil  let  down  against  the  slates  by  the  boundary-fault  at  Kantian^ 
The  limestone  strata  of  this  tract  resemble  the  beds  between  Ronaldbway 
and  Cass-ny-Hawin  both  in  composition  and  in  fossil  contents,  and  probably 
represent  a  similarly  low  horizon  in  the  division.  A  rounded  quarts-peb- 
ble, one-third  of  an  inch  in  diameter,  was  observed  in  one  of  Uiehme- 
stone-bands  a  few  yards  to  the  westward  of  the  fault. 

The  olivine-dolerite  dykes  traversing  this  part  of  the  coast  are  evidently 
the  prolongation  of  those  of  Langness  and  Castletown  which  have  crossed 
the  drift-covered  interior  between  the  bays.  The  largest  among  them,  18 
feet  wide,  may  be  continuous  with  that  of  Knock-rushen  ;  it  crosses  the 
little  bay  at  Strandhall  from  side  to  side  in  a  north-westerly  direction, 
first  emerging  at  Po}fll  Breinn  on  the  east  and  plunging  inland  again  100 
yards  west  of  the  mill  at  Strandhall  (six-inch  map,  Sheet  16).  A  smaller 
dyke  west  of  Poyll  Ritchie  may  be  traced  along  the  line  of  the  fault  above- 
mentioned  for  over  200  yards,  this  evidence  apparently  implying  that  the 
intrusion  was  of  later  date  than  the  dislocation ;  yet  on  an  lu^acent  put 
of  the  shore,  other  two  small  dykes  of  the  same  character,  strikiog  W.N7W., 
appear  to  be  shifted  several  yards  southward  bv  the  same  fault. 

On  the  beach  opposite  the  place  where  the  Castletown  road  turns  inland, 
the  limestone-scars  are  broken  by  a  channel  in  which,  when  the  recent 
shingle  is  denuded  off,  peat  with  trunks  of  trees  is  expoised  and  is  said  to 
be  continuous  to  low  water  (see  p.  413) ;  this  was  evidently  the  channel  of 
the  Strandhall  stream  when  the  land  stood  higher  than  at  present. 

Between  Strandhall  and  Kentraugh  the  general  dip  of  the  limestone  ii 
eastward,  with  broadly  curving  undulations  ;  on  this  part  of  the  shore  the 
limestone  has  been  (parried.  The  lumpy  surface  which  often  characterizes 
the  bedding  planes  appears  to  be  due  mamly  to  large  Producti  and  turbinate 
corals  (Za2}hrenti8)  embedded  in  the  rock 

In  approaching  the  boundary-fault  we  find  patches  of  till  resting  on  a 
scratched  surface  of  the  limestone  on  the  shore  ;  and  similar  material 
forms  the  low  cliff  above.  This  suggests  that  the  tidal  rock-platform  has 
existed  in  Preglacial  times  and  is  not  yet  completely  laid  bare  again. 
The  limestone  may  be  traced  to  within  about  20  vards  of  the  slate,  but 
the  actual  fault-line  was  not  visible  at  the  time  of  the  Survey,  being  every- 
where hidden  by  till  and  beach-material.  The  exi)08ure  of  limestone 
nearest  the  fault  is  a  patch  of  black  gritty  rock,  visible  at  about  half- 
tide  level,  possessing  tne  characters  of  the  lowest  beds  of  the  aeries: 
and  it  is  probable  that  the  lower  part  of  the  shore  may  contain  the  actual 
base  of  the  limestones,  as  at  Port  St.  Mary. 

*  Geol.  Mag.  dec.  iv.  vol.  vii.  (1900),  pp.  106-6.  pi.  vi. 
«  "  Isle  of  Alan  ",  p.  126. 
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The  Carrick  is  an  insulated  rock  exposed  at  low-water  in  Ba^  ny-Car-  The 
rickev,  three-quarters  of  a  mile  off  shore  due  south  of  Kentraugh  ;  it  is  com-  Cabbick. 
posed  of  dark  flaggy  f  ossilif erous  Lower  Limestone,  with  gently  rolling  dips 
forming  a  low  anticline  on  an  E.N.E.  to  W.S.W.  axis. 

The  prolongation  of  the  boundary-fault  across  the  bay  brings  in  an  outlier  Port  St. 
of  the  limestone  on  the  tip  of  the  headland  between  Port  St.  Mary  and  Mary. 
Perwick  Bsj.      The  lowermost  portion  of  this  outlier,*  in  Port  St.  Mary 
Harbour,  has  already  been  descnbed.    The  upward  succession  on  the  outer 
side  of  the  new  pier  is  shown  in  the  following  section,  measured  on  the 
foreshore ;  it  reveals  a  thickness  of  70  to  80  feet. 


lY.  Section  of  Carboniferous  Limestone  in  the  outlier  at 
Port  St.  Mary. 


Thickness. 


P^ish  Limestone  ;  many  encrinites  and   '  f  ucoid '   markings  ; 

highest  bed  visible  on  shore  east  of  boundary-fault 
Lumpy  courses  of  palish  limestone  with  thin  shale  partings ; 

in  cuff  opposite  new  houses   -        -        -        - 
Lump^  irr^ular  courses  of  limestone  with  veiy  thin  shale 

parting  ;  fossils  abundant ;  in  cliff  east  of  old  limekilns 
Pskus^  Limestone  with  thin  shale  partings  ;  corals  abundant ; 

on  shore  opposite  old  kilns    .....        about 
Calcareous  snale  with  lumpy  nodule-like  structure ;   many 

corals     -        -        --        - 

Dark  limestone  courses  with  lenticular  bedding  and  very  lumpy 

surface  :  Uiickish  shale  partings  ;  large  corsJs,  etc. ;  in  cliff 

south  ot  new  breakwater 

Two  bands  of  dark   limestone,  each  1  ft.  thick,  forming  slope 

abutting  on  breakwater 

Limestone  hidden  by  breakwater  and  within  harbour,  up  to  the 

band  with  quartz  pebbles,  see  p.  196      -        -  probably  about 
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In  the  upper  part  of  this  section  the  shale-partings  are  fewer  and  the 
limestone  courses  correspondingly  thicker  and  also  paler  in  colour  than  at 
Uie  same  horizon  on  the  eastern  side  of  the  basin.  The  lumpiness  of  the 
bedding  planes  is  very  prominent,  especially  in  the  little  recess  due  W.  of 
KaUow  Point  (6-inch  map,  Sheet  16).  The  dips  are  imdulatory ,  perha  ps  from 
the  proximity,  of  the  fault  :  but  the  dome-like  arrangement  so  strongly 
marked  in  other  parts  of  the  limestone  basin  is  only  slightly  developed  in  the 
outlier.  The  actual  junction  of  the  Carboniferous  rocks  with  the  slates  at 
the  fault  is  visible  for  a  short  space  both  in  the  outer  harbour  and  on  the 
shore  at  the  S.E.  extremity  of  Perwick  Bay.  In  the  latter  locality  the 
dislocation  contains  masses  of  fault-breccia,  and  the  limestone  is  in  places 
decomposed  to  brown  earth  or  *  umber.* 

Inland  Exposures. 

The  inland  extension  of  the  Lower  Limestone  lies  wholly  within  Sheet 
16  of  the  six-inch  map.  Returning  to  the  eastern  margin  of  the  basin,  we 
find  a  shallow  exposure  in  the  old  limestone  quarries  already  referred  to 
(p.  193)  in  the  lowermost  beds  quarter  of  a  mile  inland  from  Cass  ny-Ha win. 
'file  next  outcrop  from  beneath  the  drift  is  two-thirds  of  a  mile  farther  west.  South-fj 
where  some  hollows  in  a  field  500  yards  S.W.  of  Ballahick,  in  which  the  soil  OF  Balu 
contains  angular  fragments  of  dark  limestone,  seem  to  indicate  old  quarries,  salla. 

^  Though  always  spoken  of  as  an  outlier,  this  is  not  strictly  speaking 
correct,  since  the  limestone  is  almost  certainly  ^continuous  eastward  oenea^ 
the  sea  with  the  main  outcrop. 
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Similar  appearances  recur  in  another  field  500  yards  farther  west,  adjoining 
the  Doiiirlas  and  Castletown  main-road  120  yards  N.E.  of  the  milestone 
^"  Doiujlas  :  ei/jht  miles  ").  To  indicate  these  two  small  areas  on  the  one- 
inch  drift  map  a  continuous  line  has  been  drawn  surrounding  them  ;  but 
there  is  probably  a  considerable  thickness  of  drift  in  part  of  Uie  ground 
between  them.  The  little  stream  draining  from  Batlahick  to  Derby 
Haven  is  probably  close  to  the  surface  of  the  limestone  for  the  space  of  300 
yards  to  the  southward  of  the  bridge  on  the  road  to  Ronaldsway.  Bare 
limestone  is  revealed  in  its  bed  near  the  place  where  the  sluice  draws  off 
the  water  for  the  Ronaldsway  dam,  900  yards  S.  of  the  bridge.  The 
rest  of  the  country  E.  of  the  Castletown  main-road  is  drift  covert 

In  the  bed  of  the  Silverburn  between  Castletown  and  BallasaUa  there 
are  at  intervals  slight  exposures  of  dark  flaggy  limestone  between  100  suid 
800  yards  N.N.E.  of  tne  foot-bridge  west  of  Creggans ;  and  a  small 
excavation  on  the  E.  side  of  the  railway  600  yards  N.  of  the  bridge  shows 
boulder-clay  resting  on  a  glaciated  surface  of  the  limestone.  Cr^geans 
Hill,  S.E.  of  this  place,  though  mainly  a  drift-feature,  is  i)robably  moulded 
on  a  core  of  limestone.  The  same  rock  is  exposed  again  in  the  shallow 
railway  cutting  450  yards  W.S.W.  of  BallasaUa  Station,  and  in  both  banks 
of  the  adjoining  stream.  It  is  seen  at  several  places  in  the  main  street 
of  BallasaUa  ;  around  the  buildings  at  the  northern  end  of  the  villajKe  N. 
of  the  old  Crossag  Bridge  ;  and  in  the  road  at  Ballatarrant  and  SaUa- 
voddan^  W.  of  Ainn  Buy. 

In  the  bed  of  the  Silverburn,  at  the  weir  50  yards  N.  of  the  Crossag,  there 
is  a  good  exposure  of  steeplv-tilted  limestone  which  Cumming  believed  to 
occur  on  the  course  of  a  fault  striking  N.  10*  W.  mag.^  On  the  W.  side  of 
the  river  150  yards  N.N.W.  of  this  exj)osure  the  limestone  has  been 
quarried.  The  outcrops  in  the  higher  portion  of  the  valley  and  in  the  bed 
of  Awin  Ruy,  and  also  that  in  the  bank  W.  of  Rushen  Abbey  have  already 
been  described  (p.  197). 

West  of  the  Silverburn,  the  principal  and  indeed  almost  the  onljr 
r  OF  THE  exposures  are  in  the  large  quarries  around  Ballahot.  The  first  of  these  is 
SRBURN.  QQ  ii^Q  north  side  of  the  niainroad  leading  from  BallasaUa  to  Arbory,  on  the 
rise  out  of  the  Silverburn  valley ;  the  section  showed  (in  1893)  fifty  to  sixty 
feet  of  dark  flaggy  limestone  with  sliale  partings,  contsuning  the  asmu 
fossils  of  the  lower  division,  under  a  capping  of  eight  to  ten  feet  of  red 
boulder-clay. 

The  largest  quarries  of  the  district  are  those  less  than  half  a  mile  farther 
west,  on  the  western  side  of  the  Castletown  and  Foxdale  highroad  between 
Ballahot  and  the  cross-roads.  They  show  irregular  drift  3  to  20  feet  thick 
on  20  or  30  feet  of  dark  fla^gv  limestone  with  lumpy  bedding-planes,  in 
courses  from  H  to  4  feet  in  thickness  with  shale  parting  dipping  mainly  at 
about  G**  towards  S.S.  W.  The  surface  of  the  limestone  is  m  pku^  deoompoBed 
into  *  umber,'  and  the  same  kind  of  weathering  extends  downward  along  the 
ioints.  The  bottom  of  the  quarries  is  below  water-level,  and  is  kept  dry 
by  pumping,  partly  by  steam  and  partly  by  wind-power,  the  average  annual 
discnarge  being  estimated  by  the  proprietor  at  about  twenty-six  million 
gallons. 

Between  these  sections  and  the  boundary-fault  no  further  exposure  is  now 
visible  to  the  northward  of  the  Arbory  road,  though  the  top  of  the  limestone 
has  probably  at  one  time  been  excavated  in  the  shallow  depression,  700 
yards  north  of  Booilevane,  at  the  place  marked  Umber  Pit  on  the  six-inch 
map.  The  soil  in  the  field  to  the  westward  of  this  place  is  full  of  fragments 
of  decomposed  limestone,  and  the  till  in  the  gutter  above  Umber  Pit  is 
full  of  limestone-rubble,  which  gives  place  to  red  conglomerate-rubble 
north  of  Billown  farmstead,  and  then  to  slate  (see  p.  196). 

In  the  absence  of  further  evidence,  the  boundary  adopted  on  the  map  for 
the  limestone  in  this  quarter  has  been  based  on  the  average  direction  of  the 
boundary-fault  where  seen  at  Port  St.  Mary,  Kentraugh  and  AUiol  Bridge; 
and  is  practically  identical  with  that  of  Cumming's  map.*    I  was  informed 

>  "  Isle  of  Man,"  p.  44. 

'  Q.  J.G.S.,  vol.  ii.,  pi.  XV.,  and  "  Isle    f  Man,"  Plate  at  end  of  voL 
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however,  that  a  well  sunk  seventy  years  ago  behind  the  house  at  Balla- 
maddrell  reached  limestone  after  passing  through  42  feet  of  clay,  this  place 
being  one-third  of  a  mile  N.N.E.  of  Arborv,  and  half  a  mile  beyond  the 
boundary  of  the  limestone  as  shown  on  the  map.  As  slate  is  exposed 
immediately  north  of  Arbory  (Ballabeg),  and  again  north  of  Billown  (p.  196), 
the  presence  of  limestone  so  far  to  the  N.W.  as  Ballamaddrell  could  only  be 
explained  bv  trough-like  cross-faulting.  The  drift  in  this  quarter,  especiallv 
towards  its  base,  is  full  of  limestone  boulders,  and  the  report  that  tne  well 
reached  the  limestone  rock  may  have  been  based  on  this  circimastance. 
The  statement  has  been  handed  down  verbally  for  two  generations  and  is 
scarcely  sufficient  grounds  for  the  coi^jectural  mapping  which  its  acceptance 
would  necessitate.  It  may  nevertheless  be  pointed  out  that  the  transverse 
fault  exposed  on  the  shore  between  Balladoole  and  Strandhall  (p.  204)  would. 
if  prolonged,  intersect  the  main  fault  in  the  vicinity  of  Arboiy  and  woula 
have  the  effect  of  letting  down  the  limestone  to  the  eastward. 

South  of  the  Arbory  and  Ballasalla  road,  the  rock  exposures  are  few  until 
we  reach  the  vicinity  of  the  coast.  It  is  said  that  on  Skyl/right  HUl, 
immediately  to  the  westward  of  St.  Lupus's  (Malew)  Church,  the  limestone 
lies  only  two  feet  beneath  the  surface,  a  statement  supported  by  the 
abundance  of  limestone  fragments  in  the  soil.  Like  Creggans  Hill,  the 
aspect  of  this  ridge  is  that  of  a  drift-feature,  and  as  such  it  was  regarded  by 
Gumming;^  but  if  the  limestone  occur  as  stated,  the  drift  must  be  only  a 
thin  veneer  on  a  hillock  of  rock. 

Dr.  J.  Clague  of  Castletown  informed  us  that  he  remembered  a  small  lime- 
stone quarry,  now  quite  obliterated,  in  a  field  about  a  Quarter  of  amDe  S.W. 
of  Ballanorris.  On  the  risingground  north-west  of  Ballakei^n  farm,  a  little 
over  half  a  mile  S.S.E.  of  Ballanorris,  the  drift  is  very  thin,  and  the  soil 
full  of  limestone-fragments  ;  and  dark  limestone  in  place  is  exposed  and 
has  probably  been  quarried  under  the  fence  at  the  north-eastern  corner 
of  the  field,  300  yards  W.N.W.  of  the  farm-buildings.  This  is  another 
example  of  a  drumlin-like  mound  proving  on  examination  to  be  a  solid 
feature,  and  shows  that  the  unevenness  oi  the  surface  in  this  area  is  by 
no  means  due  solely  to  the  drift-deposits.^ 

South  of  Ballakeigan,  dark  fossiliterous  limestone  dipping  nearly  west  is 
visible  in  the  bed  of  the  little  stream  draining  to  Poolvash,  a  few  yards 
above,  and  100  and  250  yards    below    MaddrelVs  Brid^e^  the  crossmg- 

Elace  of  the  Castletown  high  road.  A  boss  of  cherty  limestone  may  also 
8  seen  in  the  adjoining  field  about  100  yards  south  of  the  last  of 
these  exposures.  To  the  southward,  between  Knockrushen  and  Poolvash, 
and  to  tne  westward  on  the  hummocky  ground  between  the  high  road 
and  the  coast  at  Balladoole,  there  are  numerous  outcrops  of  massive  pale 
limestone,  apparently  belonging  to  the  Upper  or  Poolvash  division 
(see  p.  216).  Kock  of  similar  character  is  exposed  in  an  old  quarry  in  a  field 
150  yfiu*ds  north  of  the  highroad  at  Cro^s  Welkin  Hill  near  Balladoole;  but 
the  soil  at  the  foot  of  the  hill  is  full  of  fragments  of  dark  flaggy  limestone, 
so  that  the  junction  of  the  divisions  may  lie  l>etween  these  points.  A 
few  hundred  yards  farther  west,  at  150  to  360  yards  from  the  coast,  dark 
limestone  dolomitized  in  places  is  visible  in  both  banks  of  the  stream 
which  reaches  the  sea  at  Strandhall.  If  the  Balladoole  fault  (Fig.  53)  were 
prolonged  in  a  straight  line,  this  exposure  would  lie  to  its  eastward  or  down- 
thrown  side,  and  ought  therefore  to  reveal  the  Upper  Limestone  ;  whereas 
it  presents  the  characters  of  the  Lower  Limestone,  so  that  it  is  probable 
the  fault  has  an  easterly  curve  and  passes  to  the  east  of  this  section. 

Between  the  last-mentioned  stream  and  the  boundary-fault  no  actual 
outcrop  of  the  limestone  was  seen,  but  the  soil  in  the  fields  adjacent  to  the 
by-road  leading  from  Strandhall  to  Cronkmooar,  from  350  to  750  yards 
north  of  the  shore,  contains  fragments  of  dark  flaggy  limestone  in  such 
abundance  that  the  rock  must  lie  near  the  surface,  and  has  therefore  been 
indicated  on  the  map. 

*  My  informant  being  Mr.  T.  Maddrell  of  Ballamaddrell. 

«  "  Isle  of  Man,"  p.  54. 

'  Compare  Gumming,  "  Isle  of  Man,"  pp.  52  to  57. 
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Li«  dfrisoci  as  recognised  hy  Cmrnning  oocars  in  a  series  of 
remark&bkr  exposures  on  the  sacve  becveen  the  BaDadoole  &ult 
and  the  oat*?n>p  of  the  Volcanic  Series  at  Povll  Vaaish,  a  space 
of  about  half  a  mile :  and  extends  inland  for  about  the  same 
distant,  in  a  strip  running  roogfalT  parallel  to  the  coast  from 
BalladorJe  to  the  Ticinitr  <h  the  western  shore  of  Castletown  Bay. 

Before  entering  upon  the  description  at  the  vexy  curious  and 
exceptional  stratigraphical  relations  of  this  limestone,  we  will 
take  into  conadeiation  the  general  account  given  by  Gumming 
in  the  following  passages^ 

**  The  Upper  Carbontferous  limestone  or  Yoredale  series,  is  only 
foimd  at  Poolrash  to  the  west  of  the  bum  which  comes  down 
fix>m  Balladoole.  It  is  of  a  light  colour,  made  up  almost  entirely 
of  fossils,  of  which  neariy  200  varieties  have  been  collected 
within  the  area  of  an  acre.  It  has,  comparatively  speaking,  few 
species  (not  more  than  20  in  200)  in  common  witn  thelower 
dark  limestone  series,  and  seems  to  have  been  originated  under 
very  different  conditions :  the  sea  had  evidently  become  shallower. 
Its  characteristic  fossils  are  Orthis  resupinata,  Terebratuk 
excavata,  Productus  striatus,  and  Goniatites  crenistria,  all  very 
abundant.  It  occupies  a  very  small  space  of  hardly  more  than 
half  a  mile  in  extent,  rising  up  into  a  low  hill  to  the  west  of 
Balladoole  House,  and  has  been  much  dislocated  and  altered  by 
the  intrusion  of  trap  dykes  on  the  sea-shore  south  of  Balladoole. 
O^-ing  to  these  dislocations  and  to  the  covering  of  boulder  clay, 
its  passage  into  the  lower  limestone  is  hardly  to  be  made  out" 

The  above  sentences  contain  Cumming's  latest  description  of 
the  deposit.^  In  his  earlier  writings  the  following  additional 
details  are  given. 

"  The  best  place  for  tracing  the  connexion  "  [with  the  lower  lime- 
stone] "  seems  to  be  at  the  edge  of  the  fitult  at  Poolvash,  about 
800  yards  westward  of  the  road  running  from  Balladoole  to  the 
sea-snore,  where  some  dark  beds,  which  look  like  the  commence- 
ment of  the  lower  limestone,  are  brought  up ;  but  as  not  more 
than  four  or  five  feet  appear,  the  few  lossils  contained  in  them 
arc  hardly  sufficient  to  establish  their  identity.  There  can,  how- 
ever, bo  little  doubt  that  a  great  and  almost  sudden  change  took 
place  in  the  physical  condition  of  the  basin  in  the  midst  of  the 
period  of  the  deposition  of  the  limestone  strata,  almost  every 
species  of  mountain  limestone  fossils  being  crowded  within  a 
tnickiiess  of  not  more  than  sixty  feet  of  limestone,  and  in  an  area 
of  scarcely  a  mile  across.  Even  here,  however,  we  may  remark, 
that  the  various  beds  of  the  series  have  individually  their  own 
more  cliaractcristic  fossils.  Thus  I  have  found  Nautilui 
oxy stoma  in  the  lower  Poolvash  beds  alone,  and  the  same  species 
n)ut  of  much  larger  size)  in  the  lowest  dark  limestone  of 
Ikllahot.    The  beds  next  above  seem  characterized  by  a  Natica 

»  From  "  Guide  to  the  Isle  of  Man  *"  (1861),  p.  161. 
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and  by  CycUhophyllum  busultiforme.  In  the  next  we  have 
Oi-th  in  reftupinata  and  Gcni  iatites  even  istria,  extremely  common 
and  later  still,  Nautilus  aulcatus.  Some  of  these  fossils  range 
more  or  less  through  the  whole  series.  The  Orthoceratites  are 
more  common  in  the  middle  period,  and  so  also  is  Terebratvla 
excavata.  Somewhat  earlier  we  have  Producta  anomala,  and  a 
little  crustacean,  named  by  De  Koninck  Cytherina  Phillipsiana, 
pervades  both  the  earlier  and  middle  beds.  In  the  upper  portion 
the  larger  corals  disappear  and  give  place  to  Feneatdtay  while  in 
that  part  even  the  Encrinites  are  not  abimdant  in  proportion  to 
other  fossils."^ 

In  discussing  these  facts  in  his  larger  work*  he  remarks : — "  The 
light-coloured  limestones  ....  seem  separately  divisible 
into  (so  to  speak)  zones  of  life ;  and  thus  we  see,  even  within  the 
very  limitea  area  of  this  basin,  that,  as  in  the  present  dav,  so 
also  in  the  palseozoic  period,  there  were  certain  ranges  of  depth 
within  which  each  animated  species  was  confined,  and  that  when- 
ever, from  any  cause  the  sea-bottom  was  elevated  or  depressed, 
certain  species  died  out,  and  others  came  in  to  take  their  placa" 

These  statements  as  to  the  distinctiveness  of  the  fauna  of 
the  Poolvash  Limestone  are  of  especial  value  for  their  bearing 
upon  its  stratigraphical  relationship  to  the  other  divisions.  The 
examination  of  a  selection  of  the  fossils  by  the  palaeontologists 
of  the  Survey  in  the  preparation  of  the  list  given  on  p.  266 
has  somewhat  modified,  but  on  the  whole  supported,  Cumming's 
results. 

The  curious  mode  of  occurrence  of  the  pale  limestone  on  the 
coast  westward  of  Poolvash  did  not  fail  to  attract  the  attention 
of  Macculloch,  who  noted  that  pale  grey  or  impure  white 
iinstratified  Umestone,  often  crystalline  and  refractory  like 
primary  limestone,  "  which  accompanies  the  regular  beds  is  foimd 
irregularly  interspersed  in  detached  masses  throughout  the 
whole  calcareous  tract  of  which  it  forms  a  part.  It  is 
neither  placed  above,  nor,  as  might  more  naturally  be  ex- 
pected, below  the  strata,  but  is  irregularly  intermixed  with 
them,  forming  a  portion  of  the  common  deposit."  .... 
"In  almost  every  instance,  its  superior  hardness  and  the 
greater  resistance  it  offers  to  the  sea  and  weather,  cause  it  to 
project  in  rough  masses,  often  many  feet  in  height,  above  the 
surrounding  stratified  rock  ...  In  some  instances  it  decom- 
poses by  weathering  into  round  honeycombed  cavities  separated 
by  irregular  ridges ;  resembling  that  limestone  which  occurs  at 
Broadford  and  at  Kilbride  in  Skye."  He  then  goes  on  to  discuss 
%t  considerable  length  the  relations  of  the  limestones  to  each 
ather,  with  the  object  of  proving  that  the  unstratificd  limestone 
Qeed  not  be  "  primarj'."  ^ 

*  Quart.  Joum.  Geol.  See.,  vol.  ii,  p.  322. 

'  **  Isle  of  Man  "  p.  241. 

'  "  Western  Isles,^  vol.  ii.,  pp.  555-666,  and  vol.  iii.,  pi.  xxvii. 

3194  ^ 
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Hcnslow  more  briefly  described  the  phenomena  an 
them  Iiy  an  excellent  section.'  In  discussing  i 
whi<:h  s(»inetiines  takes  place  in  the  limestone,  whei 
bcconiuK  rc<tilisl) -brown  nnd  the  texture  crystalline 
tion]  .  .  .  slightly  visible  in  Castletown  Btiy,  but  y< 
to  the  south  [<  westwaitl]  of  Poolvash,"  he  adds — ' 
forms  a  separate  l>clt  in  the  latter  case  or  is  merely  a 
of  the  reguLirly  stmtitied  hmcstone  is  not  so  nppon 
spot,  Iiowever,  near  the  black  marble  quarries  at  F 
or  three  eminences  occur  of  this  nature  rising  throu"! 
strata,  which  arc  viTapped  rcuud  and  abut  against  thi 
perspicuous  nvmiier,  the  change  being  extremely 
unstratiticd  porUon  having  a  rugged  appearance  anc 
with  fossils,  the  surrounding  strata  tnin,  slaty,  i 
containing  a  trace  of  any." 

Cinimiing  seems  to  have  rcganlctl  the  features  re 
the  alxtve  descriptions  as  part  of  the  general  disti 
iniluration  due  to  the  intnision  of  the  olivinc-doleri 
which  ho  gencnilly  assigned  greater  importance  than 
bo  acknowledged;  antl  intentionally  eschewed  an 
discussion  of  the  uustratilied  bosses.  "  Westward  c 
ho  remarks,  "  the  trappacoous  deposits  [i.e.,  Volcani 
nut  fijtpoar,  and  the  shore  is  so  much  intersected  wit] 
and  the  rovMa  arc  so  much  altered,  as  to  prevent  all 
of  tliat  neighl>ourhoo<L"  -  In  another  place  he  say 
iiiilH».s.sihle  U)  make  out  any  order  in  the  beds,  i 
generally  evident  that  in  proceeding  north-westwf 
(lesi;ondmg  again  into  the  lower  series."* 

No  later  discussion  of  the  poculiarities  of  this  lime 
to  have  been  attempted,  until  tho  present  writer  j 
description  of  the  exposures  in  the  Handbook  prepi 
Liveri>ool  meeting  of  the  British  Association  in  189G 
which  he  suggested  that  the  hummocks  of  pale  limestc 
"  KnoU-roefe, '  like  "  the  bosses  described  by  Mr.  R.  B 
in  tho  Carboniferous  Limestone  of  the  Skipton 
Yorkshire." 

Desoriptioii  of  Sections. 

Starting  from  the  north-western  part  of  the  exp 
Halla<loolo  faidt,  we  pass  from  the  dark   floggy  L 
atI'c'ol-       stonoH  to  the  w&stward  of  the   fault  to  a  coiifused 
vAsii.  iiMuss  veined  in  every  direction  with  calcite  and  C| 

line  of  the  dislocation  forms  a  shallow  channel  a  fc 
on  the  fin-oslicire,  more  or  less  filled  with  shingle,  b 
hero  and  thoro  traces  of  a  small  decomposed  dyk« 
<l<)lerito  among  the  fault-stuff.  To  the  eastward  for  ■ 
shelving  bank  of  shingle,  probiiMy  in  part  b< 
the  Raised  Beach,  extends  above  high-water  mar 

'  Tmnn.  (!cnl.  S>mi.,  vol.  v.,  iiji.  492-3,  and  pi.  36,  fi 

*  Oimrt.  Juuru.  Geol.  Koa,  vol.  ii.,  p.  333. 

*  ''^Iile  of  Man  "  p.  136. 
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is  no  cliff    The  shore,  a  quarter  of  a  mile  broad  at  low  water, 
is    composed    of  low    platforms    of   limestone,  sprinkled  over  ■ 
with  shinde  and  boulders,  and  broken  up  by  wide  bosin-likc  de- 
pressions m  which  the  accumulation  of  shingle  hides  the  rock. 
Some  of  these  depressions  are  not  drained  at  low  tide,  and  in  the 

Fig.  53.     Sketch-map  of  foreshore  north-west  from  Poyll 
Vaaisk.     {Reduced  from  25-inch  field  map.) 


Piryll  "VSiaish 


A.     Volcanic  Ash. 

b*.    PotiAmtmiya-heAB  (limestone-Bhale). 

v.    Poolmsb  Luaestone,  formiag  knolls. 

b'.    Lower  Limeatone. 

xb.  Dolomitized  and  brecciated  liinestoDe  (with  unaltered  patches  of  l>*) 

C     Olivine -dolerite  dykes. 

summer  they  become  choked  with  decomposing  seaweed  which 
renders  this  little  area  a  most  uninviting  portion  of  the  otherwise 
charming  coast.  Immediately  to  the  eastward  of  the  fau't- 
channel,  where  rock  is  visible  it  consists  of  brown  dolomite 
which  appears  to  have  been  shattered  into  small  fragments  and 
recemented  by  the  segregation  of  white  thread-liko  veins  of 
quartz  and  calcito  which  make  a  delicate  lace-like  net- 
work  on    the  weathered  surfaces.     This  structure  accompanies 
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the  £fiult  down  to  low  water  and  occurs  again,  in  places,  among 
the  dolomitized  rock  150  to  200  yards  east. 

The  limestone  for  20  or  30  yards  to  the  eastward  of  the  &ult 
is  completely  dolomitized  and  defossilized ;  but  at  that  distance, 
patches  of  less  altered  rock  make  their  appearance  towards 
low- water,  forming  islands  in  the  altered  mass ;  and  a  few  yards 
farther  E.  we  reach  a  larger  imaltered  tract  of  massive  pale 
limestone  of  the  Poolvash  type,  containing  many  fossils.  The 
same  features  are  repeated  at  high-water  mark,  but  as  the  shingly 
hollow  of  Poyli  Richie  intervenes,  the  first  actual  exposing  of 
fossiliferous  rock  which  has  been  noted  lies  over  100  yards  R 
of  the  fault.  By  a  rapid  increase  in  the  size  of  the  un- 
dolomitizcd  or  only  slightly  dolomitized  patches,  we  pass  east- 
ward out  of  the  zone  of  conspicuous  alteration  in  the  vicinity  of 
Ghaw  Gortagh,  about  500  yards  E.  of  the  fault,  where  the 
dolomitization  disappears  rather  suddenly,  but  without  there 
being  sufficient  cviaence  to  show  whether  it  is  arrested  at  a 
definite  plane  of  bedding  or  faulting,  or  whether,  as  app^ 
probable,  it  dies  out,  laterally  among  the  beds.  The  foregoine 
reduction  from  the  working  field  map  on  the  25-inch  scale  will 
illustrate  these  features  (Fig.  53). 

The  general  arrangement  of  the  unaltered  patches  in  the  tract 
above  oescribed  seems  to  imply  that  they  have  formed  knolls  of 
massive  pale  limestone  surrounded,  like  those  farther  east,  by 
darker  flaggy  beds ;  and  that  while  the  flaggy  beds  have  under- 
gone complete  dolomitization,  the   less  readily  altered  knolls 
nave  preserved  an  undolomitized  core.     Traces  of  flaggy  bedding 
may  still  be   detected  in  a  few  places  towards  the  edges  of 
the  dolomitized  masses,  and   afford  evidence  in  favour  of  the 
supposition;   but    the    absence    of   any    indication    of   shale- 
partings  among  the  altered  rock  tells  somewhat  against  it    As 
a  rule  no  dip   whatever    can  be   discovered  in  this  area,  but 
there  is  a  famt  suggestion  of  a  southward  or  S.S.W.  dip  in  the 
larger  unaltered  tract  at  Skeir  Lea  at  dead  low-water,  150  yards 
N.  W.  of  Ghaw  Gortagh,     From   the  gradual  fading  of  the  dolo- 
mitization in  this  quarter  it  seems  probable  that  the  alteration 
has    not  extendea    seaward    much    beyond    low-water    mark 
Two  small  parallel  dykes  of  olivine-dolerite,  respectively  2  feet 
and  \\  feet  thick,  may  with  difficulty  be  traced  at  intervals  in 
the  altered  limestone  of  the    obscure  ground  from  50  to  100 
yards   S.  of  Poyll  Ritchie ;  and  are  probably  continuous  with 
the    correspondmg  though  broader  dykes    at   Gliaw   Goriagk 
Gumming,  as  wo  have  seen,  sought  to  connect  the  dolomitiza- 
tion of  the  limestone  with  the  intrusion  of  these  dykes^  but 
for  this  there  is  no  evidence. 

*  "The  very  gi-eiit  alteration  which  has  taken  place  in  the  [dolomitizedj 
limestone  here  would  seem  to  indicate  that  this  was  the  grand  focus  of 
disturbance  at  the  ixjriod  of  the  trap-dykes,  and  this  is  further  confirmed 
by  the  circumstance  tliat  the  majority  of  the  dykes  which  stretch  over  the 
ai-ea  rofMM  to  c (v,.\ or  r  t'? wards  this  locality  as  a  centre."  "Isle  of  Man," 
p.  13G. 
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From  the  deep  basin-like  hollow  on  the  shore  due  north  of 
Ghaw  Gortagh  tncre  gushes  out,  during  ebb-tide,  a  strong  spring 
of  salt  water  (marked  on  the  6-inch  map,  Sheet  16),  no 
doubt  due,  as  Gumming  suggests,  to  the  existence  of  under- 
ground cavities  which  are  filled  by  the  sea  at  high  tide. 

To  the  eastward  of  this  place  the  shore  is  occupied  by  huge 
cuboidal  masses  of  pale  crystalline  limestone,  often  standing 
up  above  high-water  mark  with  vertical  walls  formed  by  joint- 
planes,  and  tnus  constituting  small  islands  when  the  tide  is  at 
full.  In  some  places  this  rock  is  devoid  of  fossils,  while  in  others 
it  is  crowded  with  well-preserved  organisms,  uncrushed  and  in 
excellent  preservation,  the  interior  of  the  brachiopod  shells  being 
sometimes  hollow  and  lined  with  calcite  crystals.  Towards  high- 
water  mark,  darker  flaggy  limestones  with  shale-partings  enlold 
these  masses  and  in  places  appear  to  dip  beneatn  them,  appar- 
ently occurring  as  huge  lenticles  among  the  massive  beds.  The 
shore  at  this  spot  terminates  in  a  low  clilF,  which  shows  the 
preceding'  section  under  the  cottage  230  yards  N.  W.  of  the  road 
from  Balladoole  House  (Fig.  54). 

One  hundred  and  fifty  yards  S.  of  this  section,  opposite  another 
cottage,  the  clifi*  has  weathered  down  into  a  grassy  slope,  with  a 
protruding  crag  on  its  brow  which  is  extremely  rich  in  fossils. 
This  is  perhaps  the  best  place  for  collecting  the  Poolvash  feuna 
though  the  bare  rock-platform  jutting  out  &om  the  cliff-line  100 
yards  nearer  Poolvash  is  also  very  prolific. 

These  platforms  on  the  upper  surface  of  the  pale  limestone- 
knolls  are  probably  the  remains  of  the  shore-terrace  of  the 
Raised  Beach  period.  As  noticed  by  Macciilloch,  they  are  curiously 
weathered  into  a  honeycomb  of  small  pits,  several  inches  to  a 
foot  or  more  in  depth,  separated  by  knife-edged  ridges. 

Continuing  eastward  towards  Poolvash,  we  seem  to  reach  a 
somewhat  higher  horizon  in  the  succession,  and  find  that  the  pale 
unstratified  masses  have  been  almost  entombed  and  overlapped 
by  the  flaggy  dark  limestones,  though  here  and  there  the  crest  of 
a  knoll  rises  abruptly,  sometimes  with  a  steep  cliff-like  maigin, 
above  the  encircling  beds.  Near  high-water  mark  on  the 
southern  side  of  the  little  bay  south  of  Poyllvaaish  farmstead, 
the  final  stac^c^s  arc  seen,  in  which  the  flaggy  beds,  constituting 
])art  of  the  "  Posidonia  Schist  *'  of  Gumming,  sweep  in  a  succes- 
sion of  snjootli  domes  over  the  crests  of  the  knolls,  so  that  only 
where  the  flags  are  broken  away  is  the  inner  core  of  massive 
limestone  visible. 

It  is  an  importimt  feature  of  these  exposures  that  in  juxtapo- 
sition with  tno  knolls  there  is  usually  a  band  of  limestone- 
brecH'ia,  consisting  of  subangular  and  roimded  fragments  of 
jmlish  limestone  in  a  dark  cAlcareous  paste.  This  is  best  seen 
wiion  the  rock  is  wet,  as  when  dry  the  bruised  and  battered 
urface  produced  by  recent  wave-action  masks  the   distinction 
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between    matrix  and   inclusions.     No   rock   except   limestone 
has  been  observed  among  the  "  pebbles." 

The  breccia  is  usually  developed  only  upon  the  steeper  flanks 
of  the  knolls  and  in  tho  Aaggy  kycr  immediately  overlyinK 
their  summits:  but  in  a  few  places  on  the  shore  RW.  of 
Poyilvaaish  farm,  lenticles  of  the  breccia  occur  amont;  the 
hmestone-flags  in  the  intervals  between  the  knolls.  Fossils 
are  often  abundant  in  the  breccia,  particularly  small  compomid 
corals  and  fragments  of  encrinit«s.  Similar  fossils  occur  plenti- 
ftUly  m  the  enfolding  flagay  beds,  and  corals  are  much  more 
conspicuous  m  these  dark  limestones  than  in  the  massive  pale 
rock  of  the  knolls.  "^ 

The  following  section  on  the  shore  of  Poolvash  200  yards  south 
of  the  ferm-house  illustrates  the  mode  of  occurrence  of  the  breccia. 

Fig.  55.  Top  of  boss  of  pale  liirmtone,  on  beach 
west  of  ruins  of  "Chapel  and  Banal  Ground" (6- 
inck  map.  Sheet  16)  Po0  Vaaish. 

Length  of  section,  about  10  yards. 


B.  Ma-iSiive  pale  limestone  (Poolva-ih  Limestone) ;  outer  layer  full  of 
fo4.-4iU  (encrinites,  coroU,  and  xhcIlM)  with  nome  round  pebble-like  lumps 
luiiim  of  limestone  up  to  6  inches  in  diameter. 

Bb.  Dark  I imcs tone-flags  with  shale  partings  (Poaidonoinya  Beda) 
mantling  around  the  boss  of  B. 

xb.  Bands  of  limeatone-conglomemte  cue  to  two  feet  thick,  made  up  of 
more  or  leaa  ruunded  fra^ontii  of  Umestoae  up  to  oue  foot  diameter; 
many  fo3.vls  (corals,  encrinites,  etc). 

The  knoll-structure  is  most  beautifiilly  exhibited,  though 
not  perhaps  under  the  best  conditions  for  study,  on  the  northern 
foreshore  of  Poolvash  inlet,  opposite  the  farmstead.  At  this 
pliice,  as  indicated  by  the  ornamonution  on  the  ti-inch  and  25- 
inch  Ordnance  maps,  isolated  masses  of  pale  limestone,  from  10 
to  15  feet  in  diameter  and  from  5  to  15  feet  in  height,  form  an 
irregular  chain  running  with  a  slight  cur\'e  nearly  ea^t  and  west 
(see  plan.  Fig.  53).  This  chain  is  terminated  abruptly  westward 
by  the  overlap  of  the  volcanic  ash  occupying  tho  lower  part  of 
the  shore;  but  is  prolonged  eastward  inland  in  the  hilfock  of 
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Crovk-y -Watch  immediately  north  of  the  farm-house,  and  in 
bosses  partly  revealed  in  the  field  100  yards  fiarther  east. 
A  group  of  olivine-dolerite  dykes  (see  plan,  Fig.  53,  also 
table  on  p.  331)  traverses  the  shore  between  roolvash  and  Ghaw 
Gortagh,  cutting  through  knolls  and  flaggy  beds  alike;  it  is 
clear  that  these  are  as  little  responsible  for  the  arrangement  of 
the  limestone  at  this  place  as  for  its  alteration  north  of  Ghaw 
Gortagh. 

The  most  southerly  exposure  of  the  limestone  bosses  ou  the 
coast  occurs  just  above  high- water  mark  on  the  southern  side  of 
Poolvash  inlet,  only  30  or  40  yards  south  of  the  section  figured 
above  (Fig.  55).  The  Posidonomya  or  Black  Marble  beds  then 
completely  overlap  them  to  the  westward  and  southward,  occupy- 
ing a  little  strip  on  the  upper  part  of  the  shore  while  the  lower 
jmrt  is  composed  of  the  overlying  Volcanic  Ash  which  is  con- 
tinuous southward  from  Ghaw  Gortagh  to  Scarlet  Point. 

Gumming  was  inclined  to  think  that  the  confused  and 
brecciated  mass  of  limestone,  which  is  apparently  overthmst 
upon  the  Lower  Limestones  at  the  edge  of  the  Volcanic  rocks  at 
Scarlet,  might  correspond  to  the  limestone  of  the  Poolvash 
knolls,  but  this  correlation  is  doubtful  (see  p.  244). 

Inland  Extenidon  of  the  Poolvash  Limestone. 

Within  150  yards  of  the  coast  to  the  north- westward  of  Poyllvaaish  farm, 
scattered  hummocks  of  bare  limestone  rise  above  the  drift-gravel ;  similar 
outcrops  are  seen  in  two  or  three  places  around  the  outbuildings  of 
:«AD00LE  Balladoole  House ;  and  a  bare  ridge  of  limestone  forms  the  rough  ground 
on  which  stand  the  traces  of  the  old  chai)el  and  burial  ground,  KmU 
Vael,  200  yards  north-west  of  the  last-named  house.  TTie  ridge  extends 
across  the  road  leading  to  the  house ;  and  the  name  rock  is  exposed  in 
small  bosses  in  the  fields  on  the  eastern  side  of  the  road  for  200  to  300 
yards  farther  north.  Similar  exposures  occur  along  the  western  and  north- 
em  fences  of  the  field  north  of  that  in  which  Keeill  Vael  stands,  and 
extend  thence  north-westward  along  the  fences  of  the  adjoining  fields  to 
within  120  yards  of  the  Castletown  highroad.  The  exposure  in  an  old 
(luarry  150  yards  north  of  the  same  road,  on  Cwm  Welhn  Uill^  lias  been 
previously  mentioned.  All  these  outcroT>s  are  of  pale  grevish  crystalline 
limestone  of  the  Poolvash  type,  occasionally  but  not  usually  fossififeroos ; 
and  from  their  mode  of  occurrence  it  is  probable  that  they  constitute  a 
series  of  similar  knolls  to  those  seen  on  the  shore. 
•OF  Another  chain  of  exjKwures  extends   south-castwanl    from    Poolvash 

.VASH.  towards  the  western  shore  of  Castletown  Bay  south  of  Knock  Rushen, 
runnin/j  imrallel  to  and  not  far  distant  from  the  inland  margin  of  the 
Volcanic  rocks.  The  outcroj)s  take  the  form  of  low  IwHses  of  j»ale  massive 
limest<3ne  in  the  cultivated  fields,  separated  from  each  other  by  stretches  of 
drift-gravel,  each  probably  indicating  the  crest  of  a  separat^^*  knoll.  One 
of  these  Vkwscs,  on  the  southern  side  of  the  little  stream  at  Poolvash,  120 
yards  inland,  shows  a  patch  of  dolomitized  limestone  on  its  north-east 
flank  ;  another,  in  a  similar  positi(»n  2(X)  yards  farther  to  N.E.,  has  some 
darker  limesUme  and  shale  asscK-iated  with  the  massive  rock,  like  the 
knolls  on  the  shore.  Scjveral  other  bosses^  occur  in  the  fields  bordering 
the  Poolvash  inlet,  from  2(X)  to  300  yards  N.E.  and  N.E.E.  and  again  500 
yards  due  east  of  the  "  Black  Marble  "  (iuarr>'.  These  and  other  similar 
out<jrops  have  necessarily  been  indicated  on  the  imbll^hed  drift-map 
as  if  continuous  ^ith  each  other,  the  m'a\\o  not  permitting  the  individual 
Ixxsses  to  be  shown. 
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The  next  exposures  are  about  i  mile  farther  south  and  370  yards  south- 
saat  of  the  earthwork  marked  fort  on  the  one-inch  map,  extending  east 
Jid  west  for  about  250  yards,  to  within  130  yards  of  high- water  mark.  In 
hese,  pale  massive  limestone  rich  in  fossils  api>ears  to  i)roject  in  a  narrow, 
ongue  into  the  margin  of  the  Volcanic  Ash  (see  p.  236).  To  the  south- 
irard  of  the  above,  no  actual  exposures  were  seen ;  but  from  the  shape  of 
he  ground  and  the  character  of  the  soil  there  appears  to  be  a  tninlv 
covered  boss  in  a  field  650  yards  W.  5  S.  of  Scarlet  House.  Eastward, 
uassive  bluish  limestone,  weathering  paler,  crops  up  in  the  uneven  ground 
»0  yards  north-west  of  the  farmhouse  rather  over  i  mile  north-west  of 
karlet  House, 

The  last  exposure  to  be  described  is  that  to  which  reference  has  already  kkock- 
yeen  made,  on  the  hillock  of  Knock  Rttshen^  within  150  yards  of  the  rushen. 
hore  immediately  south  of  Castletown,  where  massive  grev  limestone 
ontaining  many  fossils  is  seen  around  the  outbuildings  of  Knockrushen 
louse,  and  in  the  field  to  the  north-westward-  In  one  part  of  this 
mtcrop  a  south-easterly  dip.  was  observed,  which  if  continued  would 
arry  the  bed  beneath  the  Lower  Limestone  of  the  coast-section  ;  so  that 
t  is  somewhat  doubtful  whether  we  are  justified  in  including  the  exposure 
n  the  Upper  Limestone.  It  may  be  merely  a  bleached  and  weathered 
)utcrop  of  one  of  the  thicker  beds  of  the  Lower  Limestone ;  Gumming, 
n  his  earliest  pajjer,  seems  however  •  to  have  recognised  it  as  belonging 
o  the  upper  division,  though  the  following  passage  is  the  only  reference 
o  it  whicn  he  makes  : — "How  far  inland  the  Poolvash  limestones  extend, 
[  have  not  as  yet  seen  ;  the  outcrop  is  seen  at  Knockrushen  at  the  south- 
eastern side  of  the  basin,  and  they  must  have  been  denuded  from  the 
«rhole  of  Castletown  Ba3r,  if  indeed  they  ever  extended  in  that  direction."  * 
Flis  later  writings  contain  no  mention  of  the  locality,  and  moreover  limit 
he  Upper  Limestone  to  the  area  west  of  the  stream  at  Poolvash,  thus 
(xcludmg  all  the  inland  exfiosures  descrilied  above,  except  those  around 
BalladooTe  (see  extract  quoted  on  p.  208).  There  seems  no  likelihood  of 
i  fault  of  any  magnituae  coming  between  the  Lower  Limestone  of  the 
ihore  and  the  Kncxikrushen  outcrop,  and  its  correlaticm  with  the  upper 
livision,  if  it  could  be  established,  would  afford  better  evidence  than  is  else- 
rhere  obtainable  for  the  relationship  of  the  two  divisions,  since  the  massive 
imestone  of  this  place  must  l)e  in  direct  contact  with  the  undoubted  Lower 
l.imestone  of  the  shore  of  Castletown  Bay.  If  the  same  relationship  Iw 
ontinuous  to  Poolvash,  we  might  reasonably  consider  the  dark  fiaggy  Iinie- 
tone  and  .shale  there  associated  with  the  **  knolls  "  as  the  direct  upward 
ontinuation  of  the  Lower  Limestones,  slightly  modified  by  changed  condi- 
ions.  But  Cumming  api)arently  considered  these  Poolvash  flaggv  beds  as 
ormin^  part  of  his  "  Posidonia  Schist,"  though  it  is  by  no  means  clear  how 
nuch  he  intended  to  include  in  that  division.  A  careful  investigation  of  the 
ossil  contents  of  the  Knockrushen  outcrop  and  a  comparison  of  them 
nth  those  of  the  Poolvash  Limestone  on  the  one  hand,  and  of  the  Lower 
ijimestone  on  the  other,  mi^ht  serve  to  elucidate  this  matter. 

The  evidence  as  to  relations  of  the  Poolvash  Limestone  to  the  Posidon- 
►mya  Beds  and  of  both  to  the  Volcanic  Ash,  which  will  be  given  in  the 
ubsequent  pages,  is  essential  to  the  discussion  of  the  origin  of  the  "  knoll 
tnictures  ; "  and  we  will  therefore  postpone  the  question  until  that  evidence 
las  been  stated  (see  p.  248.) 

Posidonomya  Beds. 

Cummings  latest  account  of  this  unsatisfactory  and  difficult 
livision  Is  as  follows  •} — "  Posidonia  schist  was  the  name  given 
»y  the  author,  in  a  paper  read  at  the  meeting  of   the  British 

'  Quart.  Joum.  Geol.  Soc,  vol.  ii.,  p.  334. 
2  **  Guide  Book,"  pp.  161-2. 
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Association  in  1845,  to  a  remarkable  fonnation  of  black  schistoze 
beds  occurring  at  Poolvash  .  .  .  and  locally  known  under 
the  name  of  Poolvash  black  marble.  The  name  was  given  from 
the  occurrence  therein  of  tjie  characteristic  fossil,  Posidonia 
Bccheri.  It  Ls  used  economically  to  some  extent  for  tombstones, 
chinmey-pieces  and  flagging,  the  steps  of  St.  Paul's  Cathedral 
having  been  obtained  from  these  quarries  and  presented  by 
Bishop  Wilson." 

"  After  the  deposit  of  the  beds  of  Upper  Scar  limestone 
[Poolvash  Lhnestoiie^]  violent  convulsions,  accompanied  with 
the  protrusion  of  trap  and  outpoiurin^  of  volcanic  ash,  appear 
to  have  aifccted  this  area  in  a  remarkable  manner,  crumpling  up 
the   strata   into   folds  and  forming   a  number  ot 

troughs  or  smaller  biisins  and  hummocks  in  the  limestone. 
These  phenomena  may  be  seen  more  particularly  in  Poolvash  ' 
Bay,  between  Scarlet  Head  [  =  ?  Cloae-ny-ChoUagh  Point,  of 
6'inch  Ordnance  MajA  and  the  mouth  of  the  stream  from 
Balladoole.  At  periods  of  greater  volcanic  quiescence  were 
formed  the  beds  of  Posidonia  schist,  in  a  shallow  sea  or  estuary 
into  which  the  rivers  were  bringing  down  the  black  mud  of 
which  the  schist  is  composed.  iSie  proximity  of  land  appears 
from  the  singular  fact  that  in  these  beds  of  Posidonia  schist  we 
meet  with  plants  of  the  coal  strata,  Adiantum,  Pecopteris, 
Sphcnopteris,  Lepidostrobus  omatus,  and  Calamites.  We  meet 
at  the  same  time  ^vith  truly  marine  organisins,  such  as  Goniatites 
and  Orthoceratii,     .... 

"  The  Posidonia  schist  is  sometimes  foimd  overlapping  the 
felspathic  ash,  which  had  filled  up  the  hollows,  ana  resting 
directly  upon  the  limestone.  After  a  period  of  quiescence  the 
volcanic  action  seems  to  have  set  in  again,  accompanied  with 
violence  and  partial  breakin]^  up  of  the  previously  formed  beds, 

froducing  a  oroccia  in  which  wo  meet  with  fragments  of  the 
osidonia  schist,  somewhat  altered,  and  presenting  the  appear- 
ance of  chert,  and  then  a  more  quiet  deposit  of  ashes,  ana  the 
formation  of  other  beds  of  the  black  carbonaceous  mud ;  but  on 
account  of  the  dislocation  of  the  strata,  the  exact  sequence 
cannot  readily  be  made  out. 

"  It  is  extremely  interesting  to  notice  the  formation  of  volcanic 
ash  in  the  midst  of  the  carboniferous  strata,  containing  carboni- 
ferous fossils,  and  to  compare  it  with  similar  formation  in 
Silurian  times." 

In  his  earlier  paper,  Gumming  gives  further  details  regarding 
the  deposit,  describing  it^  as  "  a  schist  or  plate,  in  some  places 
ten  feet  thick,  in  others  not  so  many  inches.  It  is  charcicterized 
by  an  abundance  of  very  beautiful  and  perfect  Posidonia,  by 
several  cephalopodous  shells,  not  occurring  elsewhere  in  the  Iwsin, 
and  in  one  place  by  several  varieties  of  Ferns,  the  nearest  approach 
here  to  the  Uoal -measures.     All  the  shales  abound  in  iron-pyrites; 

*  Tlie  wonls  iu  l»rackets  are  not  in  the  original. 
2  Quart.  Journ.  Geol  Soc,  vol.  ii.,  p.  323 
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and  in  one  spot  we  find,  a  little  to  the  east  of  a  stream  running 
from  Ballaaoole  into  the  sea,  and  parallel  with  a  trap-dike, 
several  extremely  beautiful  fossils  oi  this  material,  consisting 
mostly  of  Ooniatites  and  Ort^LOcerutites.*' 

In  another  place ^  he  adds  the  information  that  "the  ferns 
and  Favosites  Uothlandica  may  be  met  with  in  a  hollow  near 
three  dykes,  about  300  yards  westward  of  the  Balladoole  stream  " 
(see  plan,  Fig.  53). 

The  last  quotation  is  important  inasmuch  as  it  shows  that 
Gumming  included  the  flaggy  beds  surrounding  the  "  knolls  "  to 
the  westward  of  Poyllvaaisn  in  the  "  Posidonia  Schist,"  though 
elsewhere  he  seems  to  confine  the  term  to  the  "  black  marble  " 
deposit  of  the  eastern  side  of  the  inlet.  But  with  this  division 
as  with  the  Poolvash  Limestone,  he  avoids,  and  indeed  deprecates, 
any  attempt  to  define  its  limits  accurately,  aptly  comparing  the 
present  arrangement  of  the  whole  Carboniferous  series  in  this 
quarter  to  the  frozen  surface  of  a  fresh-water  lough  just  accessible 
to  the  sea,  in  which  successive  layers  of  ice  have  been  partially 
broken  up  and  tilted  by  the  influence  of  the  tide  and  partially 
overlapped  by  new  ice.* 

The  only  later  published  account  is  that  of  Mr.  John  Home, 
whose  brief  notice  of  the  deposit  contains  the  following 
passages^ : — 

"  Lithologicallv,  they  ["  The  Poolvash  Black  Marble  Beds  "1 
are  distinct  from  the  underlving  groups,  and  unply  a  change  in 
the  physical  conditions  which  existed  during  the  time  of  their 
formation.  In  the  quarry  south  of  Poolvasn,  where  thev  have 
long  beea  worked,  the  beds  consist  of  black  shales  ana  black 
calcareous  flagstones,  varying  in  thickness  from  6  to  18  inches. 
They  dip  neany  west,  but  north  and  south  of  the  quarry  on  the 
shore  they  roll  about.  ...  On  the  shore  at  the  north  of 
the  Poolvash  Bum  they  are  interstratified  with  thin  white  Ume- 
stones,  which  resemble  the  limestones  of  the  underlying  group." 

In  discussing  Cumming's  statement  that  the  rosidonia 
schist  did  not  appear  to  have  any  exact  equivalent  in  the 
British  Islands,  Mr.  Home  remarks:  —  "From  the  manner 
in  which  the  black  shales  and  flags  are  interbedded  with  bands 
of  white  limestone,  it  occurred  to  me  that  they  really  belonged 
to  the  close  of  the  white  limestone  group,  though  impljmng 
difierent  physical  conditions.  If  it  be  true,  as  Gumming  infers 
from  the  nature  of  the  fauna,  that  the  white  limestones  were 
deposited  in  shallow  water,  then  it  might  quite  well  have 
happened  that  the  change  from  one  set  of  conditions  to  the 
other  was  a  gradual  one.  But,  further,  the  fact  that  the  black 
marble  beds,  which  are  in  all  probability  estuarine,  being  inter- 
stratified with   the   white   limestones,   seems  to   point  out  an 

» "  Isle  of  Man,"  p.  359. 

'  Ibid.,  pp.  134-5. 

'  Trans.  Edinburgh  Geol.  See.,  vol.  ii.,  pt.  iii.  (1874),  pp.  330.  331. 
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alternation  of  the  conditions  under  which  they  were  deposited. 
Slight  elevations  and  depressions  no  doubt  intervened." 

"  Mr.  R.  Etheridge,  Jun.,  F.G.S.,  has  kindly  furnished  me  with 
the  following  note  on  the  fossils  found  in  these  beds  " : — 

'"  Of  the  thirty-six  species  of  animals  mentioned  by  the  Rev.  J.  G. 
Gumming  as  characteristic  of  his  Posidonia  schist,  we  may 
eliminate  three  species  as  undetermined,  two  of  doubtful  deter- 
mination, and  seven  new  species  created  by  the  author  himself, 
and  which  from  a  stratigraphical  point  of  view  prove  nothing. 
This  leaves  twenty-four  good  species,  of  which  twenty-two  are 
characteristic  carboniferous  limestone  forms.  The  two  remaining 
species,  Posidonia  Becheriy  Phill.  and  PoaidonUi  literalis,  PhilL, 
are  more  particularly  representative  of  the  upper  limestone 
shales  and  Yoredale  rocks,  that  group  of  shales,  grits,  and  fine 
sandstones  which  in  central  England  mtervene  between  the  true 
Carboniferous  limestone  and  mulstone  grit.  It  is  to  the  horizon 
of  the  upper  limestone  shales  that  the  Posidonia  schist  is  probably 
referable.  Some  few  of  the  above  twenty-two  limestone  species 
have  been  met  with  in  the  Coal  Measures,  but  only  under  excep- 
tional cases  and  conditions.'' 

Description  of  the  Sections* 

The  Posidonomya  Beds,  as  described  in  the  above  (]^uotations, 
cannot  be  recognised  anywhere  excepting  in  the  Umited  coast- 
exposure  at  Poolvash.  Here  they  are  typically  developed  only 
in  a  small  patch  about  200  yards  long  oy  150  yards  or  less  in 
widtli,  on  the  upper  part  of  the  shore  immediately  to  the 
northward  of  the  jfott  They  are  best  seen  in  the  "Black 
Marble "  quarry,  ^  now  no   longer  worked,  75  yards   N.  of  the 

J*Ort,  where  they  arc  traversed  by  one  of  the  larger  olivine- 
olcritc  dykes.  This  dyke,  though  m  one  place  only  9  feet,  is  tor 
the  most  part  from  15  to  18  feet  wide,  and  in  makmg  an  elbow 
on  the  shore  just  outside  the  quarry,  expands  to  a  width  of  39 
feet;  in  its  north-westward  course  it  crosses  the  junction  of  the 
Posidonomya  beds  with  the  Volcanic  Ash,  ana  is  prolonged 
among  the  Ash  to  near  low-water  mark,  where  it  splits  into 
several  branches.  In  the  quarry  its  effect  upon  the  "black 
marble "  is  to  render  the  deposit  splintery  and  to  destroy  the 
flaggy  character  for  a  space  oi  7  to  9  feet  from  the  contact  on  its 
northern  side. 

The  quarry  shows  24  feet  of  the  Posidonomya  Beds  consist- 
ing of  smooth  dark  regular  limestone-courses,  from  4  inches 
to  2  feet  in  thickness,  with  partings  of  black  shale  ranging  from 
2  to  6  inches  thick,  these  partings  being  thickest  in  the  upper 

'  In  most  Manx  toix>graphical  works  one  finds  the  statement  that  the 
steps  of  8t.  Paul's  Cathedral  were  obtained  from  this  quarry.  Cumming 
notes  that  this  event  took  place  in  the  days  of  Bishop  Wilson,  i.e.,  early 
18th  century.  C  Isle  of  Man,"  p.  132.)  The  rock  is  not  particularly  durable, 
and  the  steps  probably  perished  long  ago  *  at  any  rate  there  are  no  steps 
of  this  character  now  in  existence  outside  the  cathedral. 
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part  of  the  beds.  A  capping  of  coarse  gravelly  and  clayey  drift 
6  to  12  feet  thick,  resting  on  a  well-glaciated  rock-surface,  com- 
pletes the  section.  The  bottom  of  the  quarry,  being  below  high- 
water  mark,  is  generally  flooded ;  it  does  not  seem  to  have 
reached  the  base  of  the  nags.  A  greater  thickness  of  the  Posi- 
donomya  beds  is  revealed  in  this  section  than  in  any  other 
exposure,  and  indeed  it  is  greater  than  one  would  have  estimated 
from  the  study  of  the  outcrop  on  the  shore. 

As  we  have  already  seen,  northward  of  the  little  stream  in 
Poolvash  inlet,  the  "  Imolls  "  of  massive  Umestone  approach  the 
boundary  of  the  Volcanic  Ash,  and  the  dark  flags  and  shales 
which  represent  the  Posidonomya  Beds  are  confined  to  the 
flanks  ot  the  knolls  and  the  hollows  between  them.  West- 
ward, the  extension  of  the  flaggy  beds  inland  must  be  cut  off 
within  150  yards  of  the  low  cliff  by  the  chain  of  knolls  previously 

Fig.  56.  Section  on  shore  slightly  beloiv  high-water 
mark  opposite  Poyll  Vaaish  Quarry.  Height  ahout 
3  feet. 


Bb.  Dark  limestone-flags  with  shale  partings  (Posidonomya  Beds). 

B.  Boss  of  paler  limestone,  6  feet  diameter  and  \\  feet  thick,  crowded 
with  shells,  principally  ProducttLs,  A  quartz-pebble,  Ij  inches  in  diameter, 
was  embedded  in  it  at  Q.P. 

BB.  Bosses  similar  to  B  protruding  above  the  same  bedding-plane  ;  not 
in  the  line  of  the  section. 

described ;  while  inland  southward  also,  the  massive  limestone 
and  the  Volcanic  rocks  are  nearly,  if  not  quite,  in  contact  within 
a  short  distance  of  the  coast  (see  p.  217). 

Cumrning  regarded  the  Posidonomya  Beds  as  having  been 
deposited  in  little  basins  and  troughs  between  the  hillocks  of 
Poolvash  Limestone,  and  this  of  course  implies  that  the  knolls 
of  the  latter  were  in  existence  prior  to  the  deposition  of  the 
Posidonomya  Beds.  The  partial  interbedding  of  the  two  divi- 
sions, to  which  Home  draws  attention,  would  notseriouslv  impair 
this  explanation,  since  it  need  indicate  only  a  certain  degree  of 
contemporaneity  between  them  during  the  transition  from  the 
earlier  to  the  later  set  of  conditions.  Indeed,  on  the  foreshore 
just  opposite  the  quany  there  seems,  as  shown  in  the  above 
figure  (Fig.  56X  to  be  direct  evidence  that  the  formation  of  knolls 
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and  fla^vy  beds  has  gone  on,  at  any  rate  on  a  small  scale,  simul- 
taneously ,  and  therefore  that  masses  of  the  pale  limestone  may 
occur  at  different  horizons   in  the  B&^y  beds. 

It  is,  however,  essential  to  this  explanation  that  the  knolls 
should  be  regarded  as  structures  of  original  deporition ;  and 
though  such  has  hitherto  been  my  own  opinion'  and  one  which, 
after  repeated  re-examinations,  I  am  still  disinclined  to  relinquish, 
a  powerful  ai^;unient  has  recently  been  put  forward  by  Mr,  J,  E. 
Marr'  to  show  that  somewhat  similar  phenomena  in  the 
Carboniferous  Limestone  of  north-western  Yorkshire  have  been 
caused  by  comphcated  folding  and  earth-movement  Hence  it 
becomes  important  that  we  should  closely  investigate  the  indica- 
tions of  disturbance  in  the  rocks  in  question ;  and  while  I  still 
fail  to  understand  how  any  combmation  of  movement  can 
have  produced  the  Manx  knoll-structure,  it  is  undoubtedly  the 
fact  that  intricate  crumpling  and  overthrusting  can  be  detected 
in  this  area  at  the  junction  of  the  Volcanic  Rocks  with  the 
Posidonomya  Beds. 

Fig.  57.  Flan  of  a  dome  in  dark  limestone-fiags 
{Posidonomya  Beds)  on  the  foresktrre  S.  W.  of 
Poyll  Vaaish  Quarry,  adjacent  to  Junction  of 
limestone  with  Volcanic  Ask.  Length  40  yards ; 
breadth  10  yards. 


The  arrows  indicate  direction  of  dip. 

Junction  of  tbe  Foudonoiiiya  Beds  with  the  Volcanic  Aili- 
On  the  shore  opposite  the  "  Black  Marble"  quarry  the  smoot.^ 
flaggy  Posidonomya  Beds  have  been  thrown  into  a  succession  of 
teop  ellipsoidal  domes  of  variable  size,  with  quaquaversal  dips, 
as  shown  in  the  plan  of  a  single  example  given  anove  (Fig.  57). 
resembling  those  already  noticed  in  the  Lower  Limestone ;  antf 

'  See  "  Outline  of  the  Geology  of  the  Isle  of  Man,"  Britaab  Aseociation, 
Liverpool,  Handbook,  1696,  p,  174, 
»  Quart.  Joum,  Geol,  Soc.,  vol,  Iv,  (1899),  pp.  327-368. 
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these  undulations  coDtinue  up  to  the  boundary  of  the  Volcanic 
Ash. 

The  Ash  makes  its  appearance  in  the  low  cliff  60  to  80  yards 
south  of  the  quarry,  and  tt  extends  thence  across  the   shore  and 


encircles  the  Posidonomya  Beds  on  the  westward  as  already 
described  (see  plan,  Fig  53).  In  approaching  the  junction,  tho 
crests  of  the  imdulations  m  the  flajiy  limestone  become  more 
acute,  until  where  they  disappear  Iwneath  the  Ash  they  are 
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pinched  up  into  sharp  ridges,  which  when  seen  in  ground-plan  at 
their  narrowest  part  resemble  dykes  traversing  the  Asn.^  In 
a  few  places,  twisted  and  partly  brecciated  shr^  of  limestone 
occur  in  the  Ash  in  such  a  manner  as  to  suggest  that  they 
have  been  stripped  oflf  fipom  the  broken  crest  of  wie  imdulation. 
In  the  basins  oetween  the  crests  there  is  frequently  two  or 
three  inches  of  pyritous  platy  material,  forming  a  definite 
parting  between  the  Ash  aoove  and  the  limestone  below,  not 
possessing  the  characters  of  a  passage-bed  but  Uke  the  mylonit- 
izod  material  of  a  thrust-plane.  The  surface  of  the  limestone 
beneath  this  layer  is  usually  indurated,  cherty  and  pyritous, 
and  sometimes  slightlj  brecciated.  These  features  are  exhibited 
in  the  section  shown  m  Fig.  68. 

In  following  the  junction  northward  along  the  shore,  the 
indications  of  sliding  of  the  Volcanic  Ash  over  the  Posidonomya 
Beds  become  still  stronger,  brightly  slickensided  surfsEtces  being 
visible  in  places  in  the  shaly  limestone  near  the  contact,  while 
the  characteristic  cherty  induration,  pyritization  and  partial 
brecciation  of  the  limestone  floor  is  very  pronounced.  These 
features  are  well  seen  at  the  base  of  an  upstanding  crag  of  Ash, 
70  yards  N.W.  of  the  quarry.  The  shckensides  inaicate  a 
movement  at  this  place  toward  N.  16  W.,  but  the  strike  of  the 
undulatory  ridges  usually  lies  between  a  few  points  east  and  a 
few  points  west  of  north. 

On  the  foreshore  in  the  vicinity  of  this  crag,  shallow  quarrying 
on  an  extensive  scale  has  been  done  in  the  uppermost  or 
indurated  portion  of  the  limestone,  the  Ash  having  apparently 
been  stripped  off  in  search  of  this  layer,  which  probably 
furnished  the  hardest  and  best  of  the  so-cafled  "  black  marbla" 

To  the  northward  of  this  place,  the  Ash  gradually  approaches 
the  knolls  of  Poolvash  Limestone,  proportionately  reducing 
the  space  occupied  by  the  Posidonomya  ^eds.  In  the  middle  w 
Poolvash  inlet  the  exposures  are  poor,  the  shore  beinff  wet  and 
shingly ;  but  wherever  the  base  of  the  Ash  is  revealed,  it  is  seen 
to  rest  on  crushed  shaly  material  with  strong  indications  of 
overthrusting.  Minor  planes  of  movement  may  also  be  detected 
in  the  Ash  several  feet  above  the  junction.  To  the  S.W.  and  W. 
ot  Poolvash  fann,  where  the  'boundary  draws  nearer  to  high- 
water  mark,  the  Ash  seems  originally  to  have  abutted  directly 
upon  the  knolls ;  but  in  all  except  one  doubtful  case  the  sea  has 
now  denuded  the  material  from  their  flanks,  as  shown  in 
Fig.  59. 

In  the  doubtful  case  iust  referred  to,  the  Ash  at  one  point  is 
in  actual  contact  with  a  knoll  of  pale  limestone ;  but  this  i unction 
may  possibly  bo  due  to  small  taults,  as  indicated  in  tne  plan, 
Fi^.  60. 

Wliere  the  junction  turns  westward  just  before  sinking  to  low- 
water  mark  on  the  S.  side  of  Qhaw  Oartagh,  the  suggestion  of 

*  This  i)eculiarity  was  commented  on  by  MaccuUoch,  "  Western  Isles, 
vol.  ii.,  p.  564. 
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overthnisting  at  the  base  of  the  Ash  is  strengthened'by  the  ap- 
parent truncation  of  some  tilted  shreds  of  umestone  which  ue 
among  the  volcanic  material. 

It  is  thus  doubtful  whether  in  any  of  these  sections  the  original 
base  of  the  Volcanic  Series  is  revealed ;  nor  can  we  tell  for  how  far 
the  Ash  has  been  carried  across  the  limestone  by  the  overthrust, 
nor  how  much  of  the  Posidonomya  division  is  hidden  beneath 
the  Ash.  As  there  is  no  admixture  of  volcanic  material  in 
the  beds  below  the  thrust-plane,  it  appears  probable  that  the 
series  is  incomplete,  and  that  higher  calcareous  beds  showing  an 
upward  passage  into  the  Ash  maj' have  been  covered  overor  broken 
up  by  the  msplacement.  We  shall  revert  to  this  subject  in 
discussing  the  Volcanic  rocks  (see  p.  237),  and  shall  afterwards 
review  the  bearing  of  the  overthnisting  upon  the  question  of 
knollnstnicture. 


Fig.   69.     Section  across  guUy  on   shore   at  haif  tide 
W.S.  W.  of  Poyllvaaisk  farmstead.     Height  10  feet. 


A.  Volcanic  Aah,  apparentlj'  overthrust  upon  black  shale.    B.  Knoll 
of  pale  limestone  and  limestone-breccia.     T.  Thrust  plane  T 

Fig.  60.     Plan  of  portion  of  shore  -west  of  PoyUraaiah 
farmstead.    Area  about  ^  x  20  yards. 


A.  Volcamc  Ash,  touching  limestone  knoll  at  •  but  resting  on  crushed 
black  shale  west  of  the  knolL  B.  Irregular  knoll  of  pale  masavs 
Umertone.  F.F.  Lines  of  dislocation  (?  normal  or  o»erthruat  faults). 
The  parta  uoshaded  are  hidden  by  beach-material. 

UM.  '' 
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THE  GABBOHIFEROnS  VOLCANIC  SERIES  OF  SCABLET. 

Historical  and  GteneraL 

The  raagnificent  exposure  of  the  Carboniferous  Volcanic  rocks 
on  the  coast  between  Scarlet  Point  and  Poyllvaaish,  a  distance 
of  IJ  miles,  possesses  perhaps  greater  attractions  for  the  geo- 
logist than  any  other  portion  of  the  Island,  and  occupies  in  con- 
sequence a  prominent  place  in  the  literature.  Berger  described 
the  eruptive  material  as  an  unstratified  bed  of  Amygdaloid,  over- 
lying the  limestone.^  MaccuUoch  referred  to  it  as  a  breccia 
different  from  any  rock  with  which  ha  was  acquainted,  and 
compared  it  to  rubbish  formed  on  the  surface  by  atmospheric 
a^ncies.^  Henslow  appears  to  have  been  the  first  to  recog- 
nize its  tnie  character,  pointing  out  that  the  greater  part  of  the 
mass  was  not  amygdaloidal  trap  as  Berger  had  supposed,  burt 
trap- tuff  of  loose  texture,  travorseci  by  dyke-like  masses  of  amyg- 
daloid near  Scarlet,  and  intercalated  with  isolated  bands  of  lime- 
stone in  the  opposite  direction.* 

Gumming  demonstrated  that  the  tuff  must  have  been  laid 
down  beneath  the  waters  of  the  sea,  because  of  its  close  associa- 
tion with  the  limestones  and  the  presence  of  marine  fossils  in  its 
stratified  portion.*  In  reference  to  these  fossils,  he  stated  that 
towards  the  northern  part  of  the  exposure  "  we  meet  with  organic 
remains  regularly  imbedded  not  only  in  the  limestone,  but  in 
the  trappean  ash ;  they  are  chiefly  corals  and  crinoidea,*  and 
are  the  newest  of  the  pdaeozoic  fossils  occurring  on  the  Isle 
of  Man ;  they  are  rather  abundant  than  otherwise,  though  the 
eye  does  not  readily  catch  the  particular  heda  in  whicL  they 
occur."® 

He  regarded  the  eruption  as  having  accompanied  or  followed 
the  production  of  "  an  extensive  crack  or  chasm  running  along 
an  axis  from  the  Stack  of  Scarlet,  in  a  direction  nearly  N.W.  by 
W."^     His  statements  as   to   the  relationship  of  the  "  Posidonia 

*  Trans.  Geol.  Soc.,  vol.  ii.,  p.  45. 

'  "  Western  Isles,"  vol.  ii.,  pp.  670-1 
'  Trans.  Geol.  Soc.,  vol.  v.,  pp.  495-6. 

*  Quart.  Joum.  Geol.  Soc.,  vol.  ii.,  pp.  322-3. 

*  No  separate  list  of  these  fossils  is  given,  nor  does  there  seem  to  have 
been  any  attempt  since  Curaming's  time  to  collect  them.  Fragments  of 
encrinites  are  by  far  the  commonest  forms,  and  indcwed  the  only  kind  visible 
to  casual  examination.  In  the  Gumming  collection  at  Kmg  Williams 
College,  Castletown,  there  is  a  specimen  of  Posidf/nomya  in  an  ashy  matrix 
labelled  "  Scarlet "  (see  also  p.  236). 

"  Isle  of  Man,"  p.  1 29. 

^  Quart.  Journ.  Geol.  Soc.,  vol.  ii.,  p.  322. 
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Schist "  to  the  Volcanic  Rocks  are  somewhat  confused,  inasmuch 
as  while  they  usually  imply  that  the  former  underlies  the 
latter,  his  coloured  section^  and  certain  remarks  in  the  letter- 

{)ress  seem  to  indicate  the  "  Posidonia  Schist "  as  bcinjg^  undcr- 
ain  as  well  as  overlain  by    volcanic    rocks.      The    following 
sentences  are,  perhaps,  intended  to  reconcile  these  inconsistencies. 

"  Whilst,  on  the  one  hand,  the  more  violent  eniption  seems  to 
have  been  but  of  short  continuance,  it  is  evident  also  that  the 
vent  (wherever  it  might  be)  was  kept  open,  and  emitted  for  a 
lengthened  period  volcanic  ash,  which  was  carried  by  the  currents 
and  deposited  quietly  in  different  parts  of  this  area.  .  .  . 
We  find  also  a  very  interesting  local  deposit  of  black  carbonace- 
ous mud  [i,e,  the  *  Posidonia  schist  *]  gomg  on  at  the  same  time, 
and  mingled  with  the  volcanic  products,  the  prevalence  of  one 
or  other  m  any  particular  locality  depending,  it  would  seem,  on 
the  relative  distance  of  that  locality  from  the  sources  of  the 
respective  ingredients  there  deposited  ...  At  one  period, 
indeed,  the  carbonaceous  deposit  seems  to  have  entirely  prevailed, 
perhaps  the  volcanic  action  entirely  cwised,  gathering  strength 
for  a  subsequent  eruption.  The  bed  then  formed  has  its  own 
lithological  character  and  fossils.    It  is  the  Posidonian  schist    .     . 

"This  quiet  and  regular  dej)osit  was  afterwards  suddenly 
interrupted.  The  volcanic  action  was  again  exhibited  with 
renewed  violence,  as  at  first.  The  lower  beds  of  the  first  eruption, 
together  with  the  beds  of  volcanic  ash,  of  mixed  trappeim 
asn  and  calcareous  deposits,  and  Posidonian  schists,  were  con- 
torted, broken  up,  reduced  to  a  fragmentary  condition,  and 
enveloped  in  the  outpoured  deposits.  Tliere  results  a  trap- 
breccia,  in  which  the  fragments  of  the  older  beds  seem  to  have 
been  considerably  influenced  by  heat.  The  Posidonian  schist 
has  become  cherty,  the  limestone  highly  crystalline,  and  in  some 
cases  hardly  distinguishable  from  amygdaloid."- 

The  closing  passages  of  the  above  extract  show  that  the  curious 
disturbances  at  the  junction  of  the  Ash  with  the  limestone  were 
duly  recognised,  and  considered  to  be  connected  in  some  way  with 
the  volcanic  outburst  With  regard  to  the  position  of  the  orifice 
of  the  volcano,  Gumming  remarks : — "  I  have  never  been  able  to 
make  out  with  certainty  where  the  volcanic  vent  was  that 
emitted  the  trappean  materials  first  deposited,  though  I  have 
conjectured  that  it  was  a  prolonged  chasm  extending  from  the 
Stack  of  Scarlet  into  Poolvash  Bay  "  (op.  cit.,  p.  123).  Oumming's 
knowledge  of  the  details  of  the  deposits  was  so  intimate  that  his 


*  "  Isle  of  Man  "  Section  No.  2,  plate  vii.  At  first  glance  theao  sections, 
though  published  two  years  later,  appear  to  be  reproductions  of  those  in 
his  earlier  paper  in  Quart.  Journ.  Geol.  Soc.,  but  on  comparison  nuinerou* 
alterations  will  be  found  in  them. 

»  "  Isle  of  Man,"  pp.  242-4. 
3194.  P  2 
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Ktatenieuts,  even  when  their  meaning  is  at  first  obscure,  deserve 
the  closest  attention  :  and  his  theoretical  explanations  will 
invariably  be  found  to  have  been  established  upon  a  basis  of 
accurate  observation. 

Quarter  of  a  century  later,  Mr.  Home  gave  a  careful  account  of 
the  sections,^  describing  anew  and  illustrating  by  several  wood- 
cuts the  mode  of  occurrence  of  the  limestone  among  the^  ash ; 
he  concluded  with  Gumming  that  they  indicated  intermittent 
volcanic  discharges ;  ho  also  drew  attention  to  the  "  bedded 
porphyrite  "  occurring  among  the  ash ;  and  suggested  that  the 
vertical  junction  of  the  volcanic  rocks  with  the  Lower  Limestone 
at  Scarlet  Point  might  indicate  "  the  irregular  edge  of  an  old 
volcanic  neck" 

Clifton  Ward,  in  1880,^  agreed  in  all  essential  points  with  the 
previous  observers.  With  regard  to  the  basalt  forming  the  Stack 
of  Scarlet  and  its  dyke-like  prolongation  westward,  he  remarks : — 
"  There  cannot  be  a  doubt,  1  thmk,  but  that  it  represents  an 
original  lino  of  eruption,  the  part  nearest  to  the  Stack  being  the 
spot  where  the  volcanic  tires  first  reached  the  surface,  and  where 
tne  vent  became  finally  choked  with  lai^e  ejected  blocks  and 
scorije,  the  basaltic  lava  welling  up  through  a  central  fissure;  and 
flowing  over  the  volcanic  breccia  as  it  is  seen  to  do  upon  the  east 
side  of  the  dyke.  A  little  further  west  along  the  shore  the 
greenish  ashy  material  is  less  coarse,  and  bc^mes  distinctly 
stratified,  this  representing  the  matter  falling  outside  the  vent, 
and  becoming  rudely  beaded  beneath  the  shallow  sea.  Just 
before  reaching  the  bedded  ash,  other  portions  of  the  lava-flow 
may  be  seen  overlying  the  ash,  and  exhibiting  a  very  vesicular 
structure  in  bands.  Nearer  to  Poolvash  the  ash  is  interstratified 
with  limestone,  both  the  grey  and  the  black  Posidonian  band,  so 
that  there  can  bo  no  doubt  but  that  the  eruption  partook  of  a 
submarine  character." 

In  1889  Messrs.  Dickson  and  Holland  published  some  petro- 
logical  and  chemical  notes  on  the  Scarlet  Rocks*  (see  Appenmx  II., 
p  576).  Two  vears  later  Mr.  B.  Hobson  gave  an  account  of  the 
petrography  o{  the  series  (see  petrographical  notes  at  p.  325), 
accompanied  by  a  large-scale  plan  and  sections  of  the  coast 
from  Scarlet  westward  for  half  a  mile.  His  general  conclusion, 
as  stated  in  the  following  passages,  are  similar  to  those  of  his 
predecessors.  "  The  succession  oi  events  appears  to  have  been 
as  follows  : — During,  or  after,  the  deposit  of  the  Poolvash  lime- 
stone a  vent  was  opened  from  which  fine  volcanic  ashes  were 
ejected  and  fell  into  the  sea,  forming  bedded  tufi:  At  intervals 
between  the  eruptions  the  black,  so-called  Poolvash  marble  was 
deposited,  and  thus  came  to  be  interstratified  with  the  tufil 
Probably  the  vent  became  plugged  up,  and  the  violent  eruption 

*  Trans.  Edinburgh  Geo!.  Soc.,  vol.  ii.,  pt.  iii.,  pp^  12-15. 

'  Geol.  Mag.,  dec.  ii.,  vol.  vii.,  p.  5. 

'  Pr(»c.  Liverpool  Geol.  Soc,  vol.  vi.,  pp.  128-130. 
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accompanying  the  blowing  up  of  the  plug  provided  the  material 
for  the  agglomerate  which  overlies  the  tuff  near  Scarlet  Point. 
Then  lava  welled  forth  and  overspread  the  agglomerate.  Finally 
the  volcano  became  extinct,  and  by  denudation  the  intrusive 
mass  of  the  Stack,  which  I  regard  as  a  volcanic  neck,  was 
exposed."  ^ 

There  remains  to  be  noticed  the  later  description  of  the  Volcanic 
Series  given  by  Sir  Archibald  Geikie,  the  former  Director-General 
of  the  Survey,  in  his  "Ancient  Volcanoes  of  Great  Britain."*  based 
on  his  personal  examination  of  the  sections  in  1896.  With  the 
author's  permission  a  considerable  portion  of  this  account  will 
be  quoted  verbatim.  Sir  Archibald  Geikie's  general  description 
of  the  sections  is  as  follows : — 

"  It  may  be  remarked  at  the  outset  that  the  last  outcrop  of  the 
plateau-lavas  of  the  Solway-basin  occurs  only  60  miles  from  the 
south  end  of  the  Isle  of  Man,  at  the  foot  of  the  hills  of  Gralloway, 
the  blue  outline  of  which  can  be  seen  from  that  island.  The 
distance  from  the  Manx  volcanoes  to  the  nearest  of  the  puys  of 
Liddesdale  is  about  100  miles.  Though  the  fragment  which  has 
been  left  of  the  ejections  is  too  small  to'  warrant  any  confident 
parallelism,  there  appears  to  be  reason  to  believe  that,  alike  in 
geol(^ical  age  and  m  manner  of  activity,  the  Manx  volcanoes 
may  be  classed  with  the  t3rpe  of  the  puys 

**  The  volcanic  rocks  are  .  .  .  .  almost  entirely  confined  to  the 
range  of  clifl&  and  the  ledges  of  the  foreshore.  Yet  though  thus 
extremely  limited  in  area,  they  have  been  so  admirably  dissected 
along  the  coast,  that  they  furnish  a  singularly  ample  body  of 
evidence  bearing  on  the  history  of  Carboniferous  volcanic  action. 

"  Unfortunately  the  bottom  of  the  volcanic  group  is  nowhere 
visible.  At  the  east  or  lower  end  o  f  the  series  .exposed  on  the 
shore,  an  agglomerate  with  its  dykes  appears  to  truncate  the 
Castletown  Limestones.  No  trace  of  any  tuff  has  been  noticed 
among  these  lower  limestones.  We  may  infer  that  the  volcanic 
cneipy  began  after  they  were  deposited.  The  highest  accessible 
portions  of  the  volcanic  group,  as  Mr.  Home  showed,  are  clearly 
exjposed  on  the  coast  at  Poyll  Vaaish,  intercalated  in  and  over- 
lying the  dark  limestones  of  that  locality 

"  Owing  to  irregularities  of  inclination  the  thickness  of  the 
Volcanic  group  can  only  be  approximately  estimated.  It  is 
probably  not  less  than  200  to  300  feet.  But  as  merely  the  edge  of 
the  group  lies  on  the  land,  the  volcanic  rocks  may  reach  a 
consideraoly  greater  extent  and  thickness  under  the  sea.  .     . 

"  The  volcanic  materials  consist  mainly  of  bedded  tuffs,  but 
include  also  several  necks  of  agglomerate  and  a  number  of  dykes 

and  sills These   Manx  tuffs  present  many  of  the 

familiar  features  of  those  belonging  to  the  puy-eruptions  of 
Central  Scotland,  but  with  some  peculianties  worthy  of 
attention."     .         .     . 

*  Quart.  Joum.  Geol.  Soc.,  vol.  xlvii ,  p.  449. 
'  Macmillan  &  Co.,  Loudon.    2  vols.  1897.    Vol.  II.  pp.  22-32, 
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"Their  colour  is  the  usual  dull  yellowish  green,  varying 
slightly  in  tint  with  changes  in  the  texture  of  the  materials,  the 
palest  bands  consisting  of  the  finest  dust  or  volcanic  mud. 
Great  ditibrences  in  the  size  of  their  fragmentary  constituents 
may  be  observed  in  successive  beds,  coarse  and  fine  bands  rapidly 
alternating,  with  no  admixture  of  non-volcanic  sediment,  thoum 
occixsional  layers  of  fine  ash  or  mudstone  ....  may  be 
noticed. 

"The  materials  of  the  tuflfe  are  remarkably  uniform  in  character 
and  conspicuously  volcanic  in  origin.  With  the  exception  of 
occasional  blocks  of  Umestone,  whicn  range  up  to  masses  several 
feet  and  occasionally  several  yards,  in  diameter,  the  dust,  lapilli 
and  included  stones  consist  entirely  of  fragramentary  basic  lava, 
so  persistent  in  its  lithological  features  that  we  may  r^[ard  its 
slightly  ditferent  varieties  as  merely  marking  different  conditiona 
of  the  same  rock. 

"  The  accumulation  of  pumiceous  ash  in  this  southern  coast  of 
the  Isle  of  Man  is  one  of  the  most  remarkable  in  Britain.  As 
Mr.  Hobson  has  well  shown,  the  matrix  of  this  tuff  consists  of 
irregular  lapilli,  representing  what  may  have  been  various  con- 
ditions of  solidification  in  one  original  volcanic  magma.  This 
magma  ho  has  described  as  an  *  augite-porph3^rite '  or  oli vine- 
basalt.  Some  ot  the  lapilli,  as  he  noted,  consist  of  a  pumice 
crowded  with  vesicles  which  occupy  more  space  than  the  solid 

Eart ;'  others  show  nearly  as  many  vesicles  but  the  glass  is  made 
rown  by  the  number  of  its  fine  dust-like  inclusions ;  a  third  type 
represents  the  cells  and  cell-walls  in  nearly  equal  proportions. 
Tne  same  observer  found  that  where  the  substance  is  most  cellular 
the  vesicles,  fairly  uniform  in  size,  measure  about  a  tenth  of  a 
millimetre  in  longest  diameter. 

"An  interesting  feature  of  the  tuffs  is  the  abundant 
occurrence  of  loose  felspar  crystiils  throughout  the  whole  group 
up  to  the  highest  visible  stratii.  These  crystals,  sometimes 
nearly  an  inch  in  length,  appear  conspicuously  as  white  spots  on 
weathered  surfaces  of  the  rock.  They  are  so  much  decayed, 
however,  that  it  is  difficult  to  extract  them  entire.  On  the  most 
cursory  inspection  they  are  observed  to  enclose  blebs  of  a 
greenish  substance  like  the  material  that  fills  up  the  vesicles  in 
the  pumiceous  fragments  and  in  the  pieces  of  cellular  lava. 

"  1  have  not  ascertained  the  original  source  of  these  scattered 
felspars.  In  one  of  the  dykes  on  the  north  side  of  the  agglome- 
rate at  Swu-let  Point,  as  was  pointed  out  by  Mr.  Hobson,  large 
crystals  of  plagioclase  occur  in  the  melaphyre,  but  the  felspars  m 
the  tufts  and  agglomerates  differ  so  mucn  from  these  that  we 
cannot  suppose  tliom  to  have  come  from  the  explosion  of  such  a 
roc^k.  J  failed  to  detect  any  other  mineral  in  detached  crystals 
in  the  tufts,  l)ut  a  more  (lilig<*nt  search  might  reveal  such,  and 
attbrd  sonic  grounds  for  speculating  on  the  probable  nature  of  the 
uiajLi^nia  from  tlu'  explosion  of  which  the  scattered  crystals  were 
derived.  It  is  at  least  certain  that  this  magma  must  have 
included  a  large  proportion  of  plagioclase  crystals. 
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"  Between  the  lapilli  and  the  minute  pumicc-dust  that  constitute 
the  matrix  of  this  tuff  much  calcite  may  bo  detected.  Though 
this  mineral  may  have  been  partly  derived  from  the  decay  of  the 
felspar  in  the  lava<fragments  I  believe  that  it  is  mainly  to  be 
attributed  to  the  intermingling  of  fine  calcareous  ooze  with  the 
ash  accumulated  on  the  sea-floor 

"  The  stones  imbedded  in  the  tuff  consist  almost  exclusively  of 
slightly  different  varieties  of  the  same  rock — a  pale,  always 
vesicular  rock,  and  sometimes  pass  into  a  coarse  slag.  They  vary 
up  to  six  feet  or  more  in  len^n ;  in  many  cases,  they  appear  to 
have  been  derived  from  the  disruption  of  already  solidified  lava,  for 
their  vesicles  are  not  elongated  or  arranged  with  reference  to  the 
form  of  the  block,  but  have  been  broken  across  and  appear  in 
section  on  the  outer  surface.  In  other  instances,  however,  the 
cavities  are  large  and  irregular  in  the  centre  of  the  block,  while 

Fig.  61.     ^^  Section  of  dyke  and  sill  in  the  tuffs  west  of 
Scarlet  Point,  Isle  of  Man''    (Sir  A.  Geikie.) 


•^ 


on  the  outside  they  are  smaller  and  are  drawn  out  round  the 
rudely  spherical  shapes  of  the  mass,  as  in  true  volcanic  bombs. 

"  Tne  limestone  fragments  enclosed  in  the  tuff  include  pieces  of 
the  dark  carbonaceous  and  of  the  pale  encrinital  varieties.  In  no 
case  did  I  observe  any  sensible  alteration  of  these  fragments. 
They  seem  to  have  been  derived  from  material  disrupted  and 
ejected  during  the  opening  of  successive  vents,  and  not  to  have 
been  exposea  for  any  considerable  time  to  the  metamorphic 
influence  of  volcanic  heat  and  vapours." 

Sir  Archibald  Geikie  then  discusses  the  dyke  like  belts  of 
basalt  or  diabase  which  traverse  the  ash  and  form  an  important 
constituent  of  the  Volcanic  Series,  especially  in  the  eastern 
portion  of  the  exposure,  between  Scarlet  Point  and  Cromwell's 
Walk.  He  observes  regarding  them,  that  "  in  their  remarkably 
developed  vesicular  structure  they  look  more  like  streams  of 
lava  than  ordinary  dykes.  It  is  this  structure  which  gives  to 
these  dykes  their  peculiar  interest.  Bands  of  vesicles,  from  an 
inch  or  less  to  several  inches  in  breadth,  run  along  the  dykes 
parallel  to  the  outer  walls.  Unlike  the  familiar  rows  of  little 
amygdaloidal  cells  in  ordinary  basalt  dykes,  such  r,s  those  of  the 
Tertiary  series  in  Scotland,  these  vesicles,  though  small  and 
pea-like  in  the  narrower  hands  towards  the  margin  of  the  dykes, 
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become  so  Uive,  numerous,  and  irregular,  in  the  bro&dei 
more  central  bands  that  the  rock  passes  there  into  a  I 
slag." 

This  resemblance  to  a  lava-flow  is  again  commented  on  i 
description  of  the  supposed  sill' at  Cromwell's  Walk,  respc 
■which  the  following  details  are  given : — 

"  There  is,  however,  a  peculiarity  about  the  development  o 
vesicular  structure  in  this  sill  which  I  have  not  obsi 
anywhere  elsa  If  wo  examine  the  southern  side  of  the 
near  its  eastern  end,  we  observe  that  the  successive  ban 
vesicles  are  arranged  in  the  same  direction  as  the  Bur& 
contact  with  the  underlying  tufis,  precisely  as  they  are  rang 
the  dykes  parallel  to  the  bounding  walls.     So  &r  the  stru 


Fig.  02.     "  Section  of  south  side  of  resicular  sill 
of  Scarlet  Point."    (Sir  A.  Geikie.) 


Fig.  63.     "Bands  ^  resides  in   the 
A.  Geikie.) 


same  sill" 
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is  quite  normal.  But,  moving  a  few  yards  westwards,  we  find 
that  the  bands  berin  to  curve,  and,  mstead  of  following  the 
contact  surface,  strike  it  first  obliquely  and  then  at  right  angles, 
until  we  have  the  structure  shown  in  Fig.  63.  The  bands  here 
vary  irom  less  than  an  inch  to  more  than  a  foot  in  breadth  and 
where  broadest  assume  a  slaggy  texture." 

After  further  discussion  of  the  conditions  of  the  eruption, 
which  he  believes  to  have  taken  place  from  several  small  vents 
between  Scarlet  Point  and  Poolvash,  Sir  A.  Geikie  concludes  his 
description  as  follows : — 

"  As  the  records  of  the  earliest  eruptions  during  the  Carboni- 
ferous Limestone  period  in  the  district  of  the  Isle  of  Man  are 
concealed,  so  also  those  of  the  last  of  the  series  lie  under  the  sea. 
Where  the  highest  visible  tuffs  overlie  the  Poyll  Vaaish  lime- 
stones they  show  no  change  in  the  nature  of  the  materials  ejected 
or  in  the  energy  of  eruption.  They  lie  so  abruptly  on  the  dark 
calcareous  deposits  as  to  show  that  a  considerable  pawse  in 
volcanic  activity  was  followed  by  a  violent  explosion.  The  same 
abundant  grey-green  pumice,  the  same  kind  of  loose  crystals  of 
felspar,  the  same  type  of  lava-blocks  and  bombs  as  had 
characterized  the  foregoing  eruptions  remained  as  marked  at  the 
end.  But  the  further  volcanic  records  cannot  be  perused,  and 
we  are  left  to  speculate  whether  the  coast  sections  reveal  almost 
the  whole  chronicle,  or  if  they  merely  lay  before  us  the  early 
chapters  of  a  great  volcanic  history  of  which  the  main  records 
lie  buried  under  the  waves  of  the  Irish  Sea." 

Further  Account  of  the  Volcanic  Series. 

The  foregoing  quotations  will  suffice  to  show  the  general  char- 
acter of  the  Carboniferous  Volcanic  rocks.  Their  exposure  is 
practically  confined  to  the  coast  line,  the  ground  being  cultivated 
up  to  the  edge  of  the  cliff*  and  their  inland  extension  probably 
nowhere  exceeding  more  than  200  or  300  yards  in  breadth.  The 
shelving  rocky  foreshore  has  a  width  varying  from  100  yards  at 
Scarlet  to  170  yards  near  Poolvash,  and  this  tract  was  mapped 
by  Mr.  A.  Strahan  and  myself  in  1892  on  the  scale  of  25  inches  to 
the  mile.  Some  difficulties  encountered  at  that  time  in  the  in- 
terpretation of  the  sections  led  me  to  make  several  subsequent 
re-examinations,  but  it  was  not  until  an  opportunity  occurred  in 
1897  for  investigating  the  rocks  around  Scarlet  Point  with  an 
exceptionally  low  tide  that  a  clue  to  the  unravelling  of  these 
difficulties  was  forthcoming.^  As  mentioned  on  a  pre  ^ious  page, 
evidence  was  then  found  for  overthrust  movements  of  the  volcanic 
rocks  upon  the  Lower  Limestone ;  and  on  pursuing  this  line  of 
enquiry  it  was  ascertained  that  many  of  the  phenomena  which 
had    hitherto    been   assigned   to  volcanic  activity  were  more 

*  See  Annual  Report  of  the  Director  General  of  the  Geological  Survey 
1897,  p.  110. 
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probably  due  to  later  disturbances  by  earth-movement.  These 
results  were  confirmed  during  two  subsequent  visits  to  the  out- 
crop under  similar  favourable  conditions  of  tide,  and  a  summary 
of  my  conclusions  on  the  subject  was  brought  before  the  Greolog- 
ical  Society  in  1899.^  The  disturbances  were  found  to  have 
affected  every  part  of  the  outcrop,  but  were  especially  pronounced 
at  the  junction  of  the  Volcanic  rocks  with  the  hmestone  at  the 
eastern  and  at  the  western  extremity  of  the  exposure,  and  also 
in  the  vicinity  of  the  dyke-like  masses  of  vesicular  basalt  men- 
tioned in  the  above-quoted  description.  Many  of  the  intercala- 
tions of  limestone  with  volcanic  material,  which  have  been 
supposed  to  denote  intervals  of  Quiescence  between  separate 
volcanic  eruptions,  I  now  beUeve  to  be  displaced  masses,  dragged 
up  along  thrust-planes  from  the  underlying  limestone-floor ;  and 
most  of  the  dyke-like  bands  of  vesicular  basalt  I  think  may 
have  originally  been  more  or  less  horizontal  lava-flows  which 
have  been  tilted  and  sometimes  broken  into  fragments  during 
lateral  movement  of  the  whole  mass.  In  the  following  pages  the 
detailed  evidence  on  which  these  conclusions  are  basea  will  be 
presented.^ 

In  considering  this  evidence,  we  will  commence  at  the 
northern  boundary  of  the  Volcanic  rocks  at  Poolvash,  where  the 
junction  with  the  limestone  has  already  been  described,  and  will 
work  thence  southward  to  Scarlet  Point. 

It  is  curious  to  note  that  towards  this  boundary  with  the 
limestone,  the  ash  presents  in  places  a  tendency  to  the  dome- 
like arrangement  so  conspicuous  in  the  underlying  limestones. 
Near  low- water-mark  W.S.W.  of  Poolvash  farm,  30  yards  N.  of  the 
larger  olivinc-dolerito  dyke,  the  following  perplexing  section  is 
revealed   in    the  steep  edge  of  a  gully   in  tne  rock-platform. 

The  limestone  in  this  exposure  is  obviously  not  in  its  original 
position.  The  plane  which  defines  the  surface  of  the  dome  is 
probiibly  an  oblique  section  through  a  curving  plane  of  slip  or 
overthnist,  along  which  a  shred  of  limestone  has  been  caught  up 
and  cnimpled.  In  the  crags  on  the  opposite  side  of  the  gully, 
30  or  40  yards  N.W.  of  the  above,  the  ash,  which  in  this  neigh- 
bourhood is  of  medium  texture  and  not  often  distinctly  bedded, 
shows  some  well-defined  planes,  along  which  there  is  an  inch  or 

* "  On  some  effects  of  earth-movement  in  the  Carboniferous  Volcanic 
rocks  of  the  Isle  of  Man."  Quart.  Journ.  GeoL  Soc.,  vol.  IvL  (1900X 
pp.  11-25. 

*  Mrs.  M.  Ogil vie- Gordon  has  called  attention  to  the  similarity  between 
the  structures  nroduced  by  disturbance  in  these  rocks  and  thoi^e  Bimilarlv 
produced  in  tne  Triasaic  rocks  of  the  Enneberg  area  in  South  Tyrol 
described  in  her  papers  in  Geol.  Mag.,  dec.  iv.,  vol.  i.  (i894X  pp.  1-10  and 
50-00,  and  Quart.  Journ.  Gcol.  8oc.,  vol.  Iv.  (1899),  pp.  5tK>-633.  The 
phenomena  in  the  Manx  Carboniferous  Volcanic  Series  are,  however, 
apparently  of  a  simpler  character,  and  are  on  a  much  smaller  scale  than 
those  in  the  Tyrol  described  by  Mrs  Gordon  (see  letters  in  "Nature," 
vol.  Ixi.  (1900),  pp.  490  and  612,  and  vol.  Ixii.  (1900),  p.  7). 
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two  of  fine  crushed  material  resting  on  an  even,  indurated 
siir£Gice  of  cherty  ash.  These  are  also  probably  lines  of  move- 
ment. 

Fig.  64.     Sectiofi    in    crag    on    shore    near  low-water 
W.S.  W.  qf  Poyllvaaish  Farm.    Height  about  10 
feet. 


A.    Volcanic  ash. 

b.  Dark  cherty  limestone  and  shale,  with  pjnritious  fossils ;  wisps  of 
ash,  one  to  three  inches  thick,  are  apparently  pinched  in  between  folds  of 
the  strip  of  limestone. 

T.  Curving  plane,  probably  overthrust.  A  dorsal  fish-spine  {Sphefi- 
aeanthuM)  was  found  in  the  ash  a  foot  or  two  below  the  right-huid  lower 
cociier  of  the  section  (see  p.  236). 

Most  of  the  lenticles  of  limestone  in  the  ash  are  free  from  any 
ashy  admixture ;  and  I  have  always  found  it  difficult  to  under- 
stand how  this  could  have  occurred  if  they  had  been  deposited, 
as  supposed,  in  separate  little  basins  a  few  feet  or  yards  across, 
surrounded  on  all  sides  by  ridges  of  pumiceous  volcanic  detritus. 
To  the  westward  of  the  above  section,  however,  at  extreme  low- 
water  between  Ohaw  Oortagh  and  PoyU  Vaaish  of  the  six-inch 
map  (see  plan,  Fig.  53),  on  a  rock-platform  much  obscured  by 
marine  growths,  there  are  some  shreds  of  dark  ashy  limestone 
among  the  volcanic  tuff  In  only  two  or  three  other  instances 
has  limestone  been  observed  with  ashy  fragments  actually  incor- 
porated in  it,  though  little  wisps  of  ash  between  separate 
surfaces  of  limestone  are  not  uncommon. 

The  margins  of  the  included  limestone-masses,  both  great  and 
small,  are  usually  characterized  by  cherty  induration,  probably 
from  chemical  reactions  tending  to  silicincation  induced  along 
the  surfaces  in  contact  with  tne  ash.  In  the  isolated  lime- 
stone blocks  embedded  in  the  coarser  volcanic  agglomerates,  the 
silicification  generally  extends  through  a  deep  outer  crust  which 
surrounds  a  less  altered  or  unaltered  interior;^  but  the  thin 
contorted  strips  in  the  fine  ash  are  altered  throughout. 

The  evidences  of  overthrusting  which  are  everywhere  visible 
as  we  follow  the  junction  of  the  Volcanic  rocks  with  the  limestone 
south-eastward  across  Poolvash  Bay  have  already  been  described 
(pp.  224-5,  Figs.  58, 59  and  60).  The  section  on  the  foreshore  south 
of  the  "  black  marble  "  Qi^^rry  (^^S-  ^^)  ^  especially  instructive 
in  showing  how  the  top  of  the  limestone-flags  (rosidonomva  beds) 
has  been  rucked  up  by  the  movement  into  sharp  ridges,  tfce  crests 


See  "  Ancient  Volcanoes,''  op.  cit.,  pp.  25  and  26. 
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of  which  have  been  bent  over  towards  the  north  and  sometimes 
pinched  off  and  carried  up  into  the  ash. 

At  Close  ny  Choltagh  Poivt,  about  50  yards  S.  of  this  section, 
there  appears  to  l)o  a  louticuJar  band  of  dark  flagpy  limestone 
embedded  in  the  ash.  But  when  followed  dowii  along  the 
foreshore,  this  band  of  limestone  is  found  to  l)e  continuous  »-ilh 
one  of  the  anticlinal  ridges  shown  in  Fig.  58,  p.  223 ;  and  its 
curiously  irregular  outline,  cherty  surface,  and  laci  of  continuitj 
are  at  once  explained  when  we  recognise  that  it  has  been 
pinched  up  from  below. 

Fio.  65.  Sertiim  at  foot  of  low  cliff  at  Close  ny  ChoUagk 
Point.  "Limestone  pausing  under  stratified  /«^"(SiR 
A.  Geikie,  "  Ancient  Volcanoes":  vol.  it..  Fig.  184). 


In  the  little  bay  on  the  south  side  of  Close  ny  CkoUagh  Poi'jil, 
100  yards  S.  of  tne  old  fort,  the  clift-section  reveals  a  lenticulai 
cake  of  grey  fossiliferous  limestone,  about  40  yards  long  and  sii 
or  eight  feet  in  maximum  thickness,  underlain  and  overlain  by 
ash,  and  disloaitwl  midway  by  a  small  fault,  fossils  occur  here 
in  the  ash  close  to  base  of  the  limestone,  including  GlyphiocerM 
(GiiaUitiien)  ririatum,  Sow.,  and  Spirifera  probably  butuicaia} 

This  limostoiie-lenticle  in  general  aspect  dittiers  from  all  the 
adjacent  strips,  bearing  a  closer  resemblance  to  the  pale  Pool- 
vash  Limestone  than  to  the  dark  Posidonomya  fli^.  It  is 
difficult  to  believe  that  this  isolated  patch,  ditfenng  litholwically 
from  the  other  patches  and  yet  similarly  unmixed  vim  ash, 
is  in  its  original  position.  The  likelihood  that  it  is  a  slice  which 
hius  been  ridged  up  and  shaved  away  from  below,  is  further 
supix>rted  by  the  indications  of  crushing  which  are  visible 
around  its  margin.  There  appears  to  he  some  connection 
between  this  mass  and  the  tongue  of  pale  limestone  which,  as 
previously  dcscrilwd  (p.  21 7),  juts  out  into  the  volcanic  rocks  in 
the  field  200  yanis  inland  south-eastward. 

'  These  specimens  were  obtniiiod  by  Mr.  J.  A.  Howe  during  our  recent 
visit  together  to  the  sectioiis,  and  have  kindly  Iwen  presented  by  him  U>  the 
Survey  (L.  1743  and  1744). 
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The  ash  on  the  shore  to  the  westward  and  south-westward  of 
this  section  is  frequently  fine  in  texture  and  well  bedded ;  and 
contains  marine  fossils,  chiefly  bits  of  the  stems  of  encrinites. 
The  finer  beds  occasionally  pass  into  calcareous  and  sometimes 
nodular  ashy  flags ;  and  regularly  interbedded  with  these  we  find 
cherty  layers  of  dark  limestone,  rarely  more  than  an  inch  or  two 
in  thickness,  evidently  of  contemporaneous  deposition.  These 
strata  possess  the  true  characters  of  passage-beds ;  and  we  should 
probably  have  found  rocks  of  this  kind  forming  a  transition 
between  the  limestone  and  the  ash  in  all  the  sections  if  the 
junction  had  been  undisturbed.  The  surfaces  of  these  laminated 
ash-beds  are  generally  beautifully  tessellated  by  close-set  rect- 
angular joints,  sometimes  not  mo/e  than  an  inch  apart ;  while  in 
many  places  small  faults  break  the  continuity  ot  the  beds  at 
intervals  of  a  few  feet,  or  even  inches ;  and  sooner  or  later  the 
stratification  becomes  crumpled  and  confused,  and  the  laminated 
series  is  merged  into  a  mass  of  ash  or  agglomerate  with  twisted 
shreds  of  limestone,  possessing  onl^'  a  rude  platy  structure 
which  is  probably  of  secondary  origin.  Though  on  a  smaller 
scale,  and  among  rocks  very  dittcrent  in  their  present  lithological 
condition,  these  phenomena  recall  structures  common  in  the 
Borrowdale  Volcanic  Series  of  the  Lake  District,  in  such  sections 
as  those  under  the  Sty-head  Pass  to  which  my  attention  was 
directed  by  Mr.  Marr  and  Mr.  Marker. 

The  accompanying  copy  of  a  photograph  (PL  iv.  2)  taken  by  the 
former  Director-General  of  the  Survey  diiring  his  later  visit  to  the 
Island,  illustrates  the  stratification  and  step-faulting  in  the  ash 
between  Clofte  ny  CJioUagh  Pinnt  and  CrmnweWs  Walk,  In 
this  photograph,  the  pale  layer  in  the  middle  of  the  section  has 
been  artificially  whitened  ;  this  band  is  faulted  down  four  times 
towards  the  right.  In  the  upper  right-hand  comer,  the  stratifi- 
cation becomes  confused  and  lost. 

A  little  to  the  southward  of  Close  ny  GlwUagh  Pointy  we  find, 
besides  the  interbedded  calcareous  layers,  two  much  larger 
lenticular  masses  of  black  flaggy  limestone  25  to  50  yards  apart, 
extending  from  high-water  mark  across  the  foreshore,  to  below 
half-tide  mark  in  bold  curves  more  or  less  parallel  to  each 
other.  If  prolonged  inland  in  the  same  direction,  these  strips 
would  meet  the  protruding  tongue  of  pale  limestone  mentioned 
in  a  preceding  paragraph.  At  their  junction  with  the  tuff  we 
find  tne  usual  indications  of  relative  displacement,  the  bedded 
ash  a  little  above  the  junction  presenting  the  following  section 
(Fig.  66),  in  which  disruption  of  the  original  stratification  by 
lateral  movement  is  clearly  exhibited. 

Disturbances  of  this  kind  become  more  acute  as  we  proceed 
southward ;  until  at  the  little  cliff*  at  the  end  of  a  field-fence 
4-50  yards  south  of  the  old  fort  at  Close  ny  ChoUagh  Point, 
we  reach  a  curious  vertical  wall  of  coarse  agglomerate,  made 
up  of  large  blocks  of  vesicular  basalr,  apparently  bursting 
through  fine  ash,  and  in  places  mixed  with  and  overlain  by 
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Bimilar  asb,  but  assodated  with  and  probably  passing  ink 
solid  mass  of  ^e  basalt  on  the  inland  side  of  the  section.  T. 
has  been  described  as  the  site  of  a  small  rolcanic  vent.    Li 


tho  similar  agglomerate  between 
Point,  presently  to  be  discussed, 
reason  to  believe  that  it  may  bi 
been  displaced  and  brocciated. 


OnmiweU's  WcUk  and  Scaii> 

there  seems  however  taw 

i  a  sill  or  lava-flow  which  bi 


I 
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Forty  yards  south  of  the  above  section,  the  base  oi  the  cliff 
reveals  a  little  dome  of  black  cherty  limestono  10  to  12  yards  in 
diameter,  with  its  convex  upper  surface  singularly  cnunpled  up 
among  fine  structuroloss  ash,  and  it^  under  surface  restinj^  in 
places  on  an  obscurely  exposed  mass  of  basalt  into  whicii  it 
appeara  to  be  pinched  or  folded. 

Another  ana  larger  dome  occurs  at  high-water  mark  220  yards 
further  south.  It  shows  the  same  peculiarities  of  stnicture,  and 
contains,  besides,  some  pebble-like  mclusious  of  pale  fossiliferous 
limestoue,  resembling  m  this  respect  the  dark ''  pebbly  "  bands 
aiound  the  Poolvash  luiolls.  One  of  the  newer  olivinc-dolerite 
dykes  bisects  this  dome. 

It  is  characteristic  of  these  limestone  lonticlcs  that  they  are 
almost  invariably  arched  upwards,  and  not  downwards  as  should 
have  been  the  case  if  they  nad  been  deposited  in  hollows  of  the 
tuff  on  the  sea-floor. 

'  Between  the  last-mentioned  section  and  Crom well's  Walk, 
the  shore  is  constituted  of  broad  bare  platforms  of  ash,  mostly 
of  medium  texture,  with  a  platy  structure  suggesting  incipient 
cleava{|[e,  but  occasionally  line  and  woll-bcdded.  At  several 
places  m  these  sections,  indications  of  normal  faulting  may  be 
obaerved ;  but  the  evidence  is  insufficient  to  prove  the  amount  of 
throw,  and  the  stratigraphy  does  not  seem  in  any  instance  to  be 
seriously  affected  by  these  fracture-lines.  On  the  south  side  of 
an  E.^W.  dislocation  due  S.  of  "  Biu-ial  Ground  "  (6  inch,  sheet  IG) 
a  dyke-like  ridge  of  vesicular  basalt,  varying  from  2  feet  to 
7  feet  in  width,  strikes  S.S.E.  across  the  foreshore ;  and  75  yards 
fiBurther  £.  there  occurs  a  smaller  parallel  vein  of  similar  material 
"about  4  inches  wide.  These  bands  are  much  jointed,  and  some 
of  the  joints  form  small  step-faults  like  those  in  the  laminated 
ash  alreadv  described.  The  larger  band  is  trenched  near  half- 
tide  mark  oy  a  deep  gully,  and  tne  cross-section  therein  exposed 
-rereals  a  sharp  OO  -shaped  curve,  which  is  probably  an  incipient 
fold.    This  phcation  dies  out  towards  low-water  mark. 

•  At  Cromwell's  Walk  we  reach  the  broad  mass  of  basalt  which 
mesents  the  anomalous  features  commented  on  by  Sir  Arch. 
Ckdkie  in  passages  above  quoted. 

'  Between  low-  and  high-water,  this  basalt  rises  with  steep 
walls  through  the  ash  like  an  ordinary  dyke ;  but  in  the  crags 
above  high-water  mark  it  rolls  over  north-eastward,  and  lies 
almost  flat  in  a  shallow  trough  of  coarse  agglomerate,  with  a 
little  outlier  of  agglomerate  upon  its  upper  surface,  here 
bearii^  more  resemblance  to  a  lava-flow  than  to  a  dyke.  It 
is  in  this  tabular  portion  that  we  find  the  exceptional  arrange- 
ment of  the  vesicular  structure  described  by  Sir  A.  Geikic  (see 
p.  232,  Figs.  61, 62  and  63)*  Other  peculiarities  about  this  basalt 
also  deserve  close  attention.  Its  steep  south-western  face, 
whieh  is  beautifully  revealed  in  the  clift',  has  a  curiously 
wrinkled  sur&ce,  suggestive  of  a  lava-flow;  and  is  broken 
towards  the  base  by  a  ledge,  where  a  little  cruslied  ash  and 
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agglomcmto  comes  in  between  two  nearly  parallel  siirfiiceB  of 
the   massive  rock,  with  indications  that   there  has  been 
degree  of  relative  displacement  between  these  surfacea 

Again,  in  the  detached  tabular  mass  just  behind  the 
of  the  cliD*  we  find  tliat  where  the  truncated  stream-linai.if 
vesicles  occur,  the  margin  of  the  soUd  basalt  is  iractured  tffl^ 
gapped  by  sharp  indentations  from  which  irnmdar  blocks  iifl?V|9 
evidently  been  plucked,  these  indentations  being^  now  SoU 
in  with  the  ash  and  coarse  agglomerate;  and  unmediati^ 
beneath  the  basalt,  the  agglomerate  is  crushed  and  atipenty. 
These  fciitures  are  illustrated  in  PL  III.,  Fig.  2,  and  PLIY^ 
rig.  1,  which  are  reproduced  from  photographs  taken  by  8ir 
Arcli.  Geikie. 

In  the  dyke-like  ridge,  the  basalt  is  flanked  on  the  south-i 


by  ash  of  medium  texture  in  which  large  blocks  are  laie;  wbSiB 


the  opposite  or  north-eastern  side  it  is  bordered  by 
agglomemte  composed  of  suban^ular  and  rounded  mocks  cf 
vesicular  rock  like  that  of  the  solid  mass,  with  numerous  small 
wisps  and  hirge  roumled  blocks  of  dark  limestone  with  a  iibmtf 
exterior.  Towards  low- water,  inclusions  of  limestone  increase  a 
size  and  numbers ;  and  at  low  tide^  a  dome-like  mass  of  blsflk 
limestone  several  yards  in  diameter  is  exposed  among  the 
agglomerate  adjoining  the  ridge  ^see  plan,  Fig  68).  Tha 
cliaracter  of  the  agglomerate  a  little  above  uie  prindpil 
Umestone-dome  is  .shown  in  PI.  III.,  Fig.  1,  from  a  photonaph  by 
Sir  A.  Geikie ;  finer  ash  overUes  the  agglomerate  in  tne  back- 
ground. 

It  is  equally  difiicult  to  conceive  either  that  the  dome  of  lime- 
stone at  this  j)lace  could  have  been  ejected  from,  the  volcano^  or 
that  it  could  have  been  originally  deposited  in  its  present 
position.  But  when  the  evidences  of  disruption  and  reanaqgs- 
ment  in  the  vicinity  are  taken  into  account,  it  appeam  M|; 
improbable  that  the  mass  may  have  been  pinched  from  the  eMl 
of  a  fold  and  carried  along  a  thrust-plane,  like  the  njl^- 
previously  described.  This  explanation  of  course  impB^i  lii0^ 
the  agglomerate  now  surroimding  the  limestone  must  also  I  ''~^'^'^ 
undergone  great  defonnation  ;  and  it  becomes  a  matter  foft 
sideration  how  much  of  the  structure  of  this  aggl< 
is  due  to  the  volcanic  eruption,  and  how  muea  to  tlMi- 
breakmg  up  of  the  rocks  during  the  movement.  That  sods 
part  should  be  assigned  to  the  latter  cause  is,  I  think,  evidoDi 
trom  the  fractured  condition  of  the  marmn  of  the  basalt ;  as  nell 
as  from  the  relative  abundance  of  blocKs  of  this  rock  near  tbe 
solid  mass,  and  of  limestone  near  the  dome  of  limestonei  Both 
of  course,  in  rocks  of  this  character  a  brecciation-structure  migfat 
readily  be  superinduced  upon  an  ori^nal  pyrodastic  structovs; 
and  I  must  confess  my  inability  to  distinguish  between  the  ei 
and  the  other  where  both  are  represented  in  the  same  sectioiL 

I  think,  however,  that  the  phenomcn  i  of  this  part  of  the  ooai 
as  a  whole,  may  be  best  explained  by  regarding  the  vesiculsr 
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a.    Lamtnated  Ash,   with  close- Join  ting  and  step-faultlns; 
800  yards  south  of  Close  ay  Chotiash  Point. 
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basalt  as  a  lava-flow  which  has  been  tilted  on  end  and  partly 
folded  and  driven  forward  among  the  Burrounding  ash  bv  lateral 
pressure ;  and  during  ^e  movement  it  appears  probable  that 
portions  of  the  mass  were  brecciated,  and  thrust-planes  developed 
along  which  wedges  of  limestone  were  dragged  upwards  from  the 
underlying  floor.  This  view  is  expressed  in  the  following 
diagram. 

FriJ.  67.     Diagram  to  illustrate  supposed  sti-uctare  oj 
Vokaulc.  rorks  in  mcinitp  qf  CroniweWs   Walk. 

(From  Quart.  Jouni.  Geo).  Soc.,  vol.  Ivi.) 


A.    Volcanic  Ash,  much  dist.urbed,  but   showing   traces  of   original 

bedding. 
xA.  1t«-arraiiged  Volcanic  Ash. 

a.  Vesicular  basalt 

xa.  CoarsQ  agglomerate  of  blocks  itf  vesicular  lava  in  ashy  matrix. 
xib.The  aama  with  some  limestone  blocks. 

b.  Strips  of  limestone  carried  up  along  thmat-plane. 
T.    Thrust-planes. 

From  CromtedPa  Walk  the  ridge  of  basalt  probably  extends  towards 
W.N.W.  for  some  distance,  roughly  parallel  to  the  cliff-line,  at  from  30  to 
60  yards  inl&nd,  as  there  are  low  bosses  of  simihir  rock  here  and 
there  along  this  direction  in  the  field  in  which  a.  mound  occurs, 
marked  Xuclal  OpOunO  on  the  six-inch  map.  In  the  next  field  also  there 
are  similar  bossei  along  the  line  of  a  demolished  fence ;  and  if  these 
indicate  the  further  prolongation  of  the  ridge  it  may  possibly  bo  con- 
terminous with  the  shattered  basalt  and  coarse  agglomerate  already 
described,  which  just  touches  the  cliff  450  yanls  south  of  Clo»e  ny 
ChoUagh  Pi/int.  On  the  (lublisheil  one-inch  geological  map  these  out- 
crops have  been  indicated  as  if  definitely  continuous,  this  being  the  only 
practicable  method  of  representing  them  on  so  small  a  scale. 

To  the  eastward  towanfa  low-water,  the  coarse  agglomerate  at  CromioflPt 
Walk  terminates  suddenly  against  finer  ash,  along  a  plane  which  b  prob- 
ably in  connection  with  tlio  overthrust  movement,  though  it  has  been  mter- 
ureted  as  a  normal  fault  by  Mr.  B.  Hobsun  and  as  the  wall  of  a  small  vent 
by  Sir  A.  Geikie. 

From  Cromwell's  Walk  to  the  Stack  of  Scarlet,  a  distance  of 
about  600  yards,  the  coast  exposure    reveals  an  exceedii^ly 
complex  mass  of  ash  and  a^lomerate,  broken  into  by  riches 
3IH.  <j 
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and  irregular  partially-brecciated  masses  of  vesicular  basalt; 
ai^d  among  these  rocKS,  as  we  approach  the  jmiction  with  the 
Lower  Limestone,  shreds  and  patcnes  of  dark  flaggy  limestone 
are  again  intricately  mingled.    As  previously  mentioned,  this 

Kart  of  the  outcrop  has  been  carefully  studied  and  mapped 
y  Mr.  B.  Hobson^  who,  though  chiefly  concerned  with  their 
petrographical  characters,  noticed  in  several  places  the  tilting 
and  disturbance  of  the  rocks. 

In  all  essential  particulars,  these  sections  repeat  the  phenomena 
already  describect ;  and  may  be  similarly  explained.  A  massiTO 
belt  of  vesicular  basalt  has  been  ridged  up  and  crushed  in  among 
less  coherent  ashy  material  and  tninner  bands  of  lava,  causing 
general  disruption  and  rearrangement  The  plan(Fiff.  68,  p.  243) 
of  this  part  of  the  coast  has  been  copied  from  tne  25-inch 
working  map.- 

It  has  hitnerto  been  commonly  held  that  the  principal  vent  of 

the  volcano  lay  in  this  quarter,  Clifton  Ward,  B.  Hobson,  and 

Professor    Boyd     Dawkins^    considering    the    great    block   of 

columnar  basalt  which  forms  the  StacK  to  mark   the  actual 

orifice,  while  other  observ^ers  have  thought  that  the  site  of  the 

neck  was  indicated  by  the  coarse  agglomerate.     But  it  is  clear 

that  lateral  displacement  has  been  rife  in  these  rocks  and  has 

given  rise  to  at  least  some  of  the  phenomena  wliich  have  been 

regarded  as  proving  the  proximity  of  the  vent,  so  that  I  am  now 

inclined   to  doubt   whetner  the   eruptive    focus    is    anywhere 

revealed  in  the  section.     As  at  the  western  extremity  of  tho 

outcrop  so  also  at  this  place,  it  is  in  the  relation  of  the  hmestone 

to  the  volcanic  rocks  that    the  most  important  evidence  for 

this     displacement     is     forthcoming.       Between    tho    smooth 

undulating  scars  of  Lower  Limestone  on  the  northern  side  of 

Scarlet  Point,  and  the  rugged  outcrop  of  the  Volcanic  Series, 

there  intervenes  a  little  shingly  recess  (indicated  in  Fig.  68  by 

the  absence  of  shtiding),  in  which  above  half-tide  level  the  solid 

rocks  are  for  the  most  part  hidden,  though  some  low  crags 

of  brccciated  vesicular  basalt  crop  out  near  high-water  mark. 

Immediately   to   the   southward,   abutting   upon   the   volcanic 

rocks,  we  find  a  huge  jagged  mass  of  apparently  uustratified 

limestone,  about  100  yards  long  by  50  yards  broad  i(xb.  of  Fics. 

68  and   70),   rising  with   steep   sides   several    feet   above   the 

highest   tides ;  and  when  closely  examined   the  lower  part  of 

this  mass  is  seen  to  be  composed  of  recemented  limestone-breccia. 

The  shingle  in  the  recess  narrows  towards  low  wator ;  and  during 

an  exceptionally  low  ebb  (of  21  feet)  I  have  traced  dark  flaggy 

limestone  right  across  the  inlet,  save  for  a  gap  of  only  9  feet, 

which  probably  marks  the  position  of  an  olivine-dolente  dyke, 

eroded  out  at  this  place,  but  still  visible  higher  up  the  recess, 

where  it  traverses  the  Lower  Limestone  and  strikes  directiy  for 

the  gap.     Mr.   Hobson   suggests   that   the  "  melaphyre  dyke " 

*  Quart.  Joum.  Geol.  See,  vol.  xlvii.,  pp.  437-438. 

*  British  Assoc.  Rep.  Liverpool,  1896,  p.  776. 
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(a*  of  Fig.  68)  which  borders  the  Volcanic  Series  near  the '  8]^ng' 
76  vards  farther  west  may  also  occur  in  the  gap,  but  I  &iled  to 
find  this  rock  or  any  other  portion  of  the  volcanic  group  in  the 
lower  part  of  the  recess.    The  limestone  on  the  southern  side  of 
the  gap  appears  to  correspond    in    every  respect  and  to  be 
identical  with  the  Lower  Limestone  of  the  snore  to  the  northwari 
These  dark  flaggy  beds  at  low-water  are  thence  continuous  south- 
ward up  to  the  steep  margin  of  the  massive  limestone-breccia 
above  described,  and  are  uien  seen  distinctly  to  pass  beneath  it 
in  a  well-defined  platform,  at  the  surfieu^e  of  which  the  flam 
layers  are  in  places  truncated.     On  this  platform  rests  the  tmck 
bed  of  recemented   limestone-breccia,  quite  free  from  volcanic 
admixture,  which  forms  the  basement  of  the  unstratified  mass.  It 
is  clear  that  we  are  dealing  at  this  point  with  a  thrust-plane,  and 
this  plane  can  be  traced  at  the  lowest  tides  around  the  eastern  or 
seaward  edge  of  the  unstratified  linlestone.     In  the  opnosite  direc- 
tion, if  we  follow  the  gully  to  high-water  mark  we  find  the  Lower 
Limestones  apparently  truncated  by  a  fault  of  low  hade,  above 
which  volcanic  breccia  is  obscurely  exposed.     In   the  grassy 
ground  above  high-water  mark,  the  ash  and  agglomerate  ter- 
minate suddenly  at  a  more  steeply  dipping  plane  which  truncates 
the  limestone.     It  has  been  sug^est€^  bv  Mr.  Home  that  this 
junction  may  indicate  the  actual  wall  of  the  crater,  while  Mr. 
Hobson  seeks  to  explain  the  facts  h\  supposing  that  a  normal 
fault  follows  the  line  of  the  gully;  out  tne  phenomena  are  all 
compatible  with  the  view  that  the  junction  is  everywhere  an 
ovorthrust. 

That  Gumming  was  aware  of  the  essential  facts  in  regard  to  the 
unstratified  limestone  is  shown  in  the  following  passage : — 

"The  upper  portion  of  the  isolated  and  altered  patch  of  limestone 
nearest  the  Stack  appears  by  the  included  fossils,  so  far  as  they  can 
be  made  out,  to  belong  to  tne  light  coloured  Poolvash  limestone,  bnt 
the  lower  portion  may  readily  be  observed  as  being  the  same  with 
tho  black  beds  to  the  northward  of  the  protruded  amygdaloid  and 
trap  which  have  isolated  this  limestone  boss.  It  is  very  unfortunate 
that  at  this  point  ....  the  rocks  should  have  been  so  much  altered 
from  their  ordinary  character."^ 

It  may  be  doubted  however  whether  thei*e  is  sufficient  evidence  to 
bear  out  the  correlation  of  the  unstratified  limestone  with  the  Poolvash 
Limestone,  dimming  gives  no  list  of  the  fossils  on  which  his  view 
was  based;  and  as  organic  remains  other  than  bits  of  encrinites are 
rare  and  fragmentary,  it  is  probable  that  he  trusted  mainly  to  the  pale 
colour  and  massive  appearance  of  the  rock.  Tlie  presence,  first  noticea  by 
Henslow,^  of  abundant  rounded  quartz-^)ebbles  m  the  massive  limestone 
around  its  north-western  margin  tells  against  this  correlation,  such  pebbles 
Deing  elsewhere  extremely  rare  except  only  towards  the  base  of  the  Lower 
Limestone  (see  p  193).  These  pebbles  seem  to  indicate  that  the 
overthrust  mass  has  been  derived  from  beds  lower  than  those  on  which 
it  rests.  Cummin^  mav  have  had  this  pebbly  limestone  in  mind  in  refer 
ring  to  rocks  which  "  present  appearances  of  a  passage  from  tmo 
limestone  into  true  trap,"'  as  the  material  bears  a  superficial  resem- 
resemblance  to  some  portions  of  the  amygdaloidal  lavas. 

*  "  Isle  of  Man/'  p.  126.       « Trans.  Geol.  Soc.,  vol.  v.,  p.  496. 

' "  Isle  of  Man,"  p.  124. 
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Tfaoujtb  the  limestone- masa  appears  to  hare  been  more  or  leas  breccUt«d 
tbrou^bout^  the  upper  part,  where  least  obscured  by  recrystallization, 
dolomitization  and  cleavage-like  jointing,  aometimea  shows  traces  of  crum- 

f>led  bedding  forced  up  into  domes,  as  re]>resented  in  the  following  sketch 
Fig.  69)  nf  a  small  exposure  in  the  heart  of  the  boss. 

Fig.  69.  Section  in  the  brecrAated  limestone  (id)  of  Fig.  68) 
at  the  northern  side  qf  Scarlet  Point,  shawing  traces 
o/ original  bedding. 

Height  about  6  feet,  length  lO  feet. 


b.  Much  disturbed  limestone,  dolomitised  in  places  ;  with  traces  of 
original  bedding  here  and  there,  c»pped  by  a  torn  and  interrupted  strip  of 
black  sliale  1  to  S  inches  thick. 

xb.  Orev  limestone-breccia,  made  up  of  recemented  fragments  of  all 
•izes,  with  bits  of  encnnites  and  fragmentary  shells. 

T.  1.  Probably  a  minor  thcust-ptane. 

The  recognition  of  the  overthnist  at  the  base  of  the  maasivo 
limestone  atfords  the  key  to  the  interpretation  of  the  rest  of  tho 
section.  Great  blocks  of  vesicular  basalt  and  agglomerate, 
confusedly  intermingled  with  shreds  of  limestone,  abut  i^inst 
the  southern  and  western  flauk  of  the  mass,  and  are  continuous 
thence  up  to  the  Stack.  The  following  section  shows  the  princi- 
pal facts  of  these  exposures  and  their  theoretical  interpretation. 
(FiR.  70). 

At  extreme  low-water,  pinched-iip  ridges  of  dark  fla^y  hmc- 
stone  are  visible  here  and  there  in  deep  crannies  worn  into  the 
volcanic  rocks  in  this  space  right  up  to  the  northern  flank  of  the 
Stack,  and  the  coast  is  skirt^  by  tabular  reefs,  eovcr-.d  at  the 
lowest  lides  by  only  a  few  feet  of  water,  which  from  their  shape 
are  most  piobably  if  limestone.    The  whole  evidence  strongly 
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suggests  that  the  platform  of  Lower  Limestone  miderlyiug 
the  major  thrust-plane  is  continuous  at  least  as  far  as  the 
aorthem  edee  of  the  Stack,  dipping  gently  southward  beneath  the 
volcanic  rocKS.  In  the  coarse  ag^omerate,  rounded  and  spindle- 
shaped  pieces  of  cherty  limestone  are  rather  abundant,  out  no 
fragments  of  the  Carboniferous  Basement  Conglomerate  nor  of 
the  Manx  Slates  were  observed,  though  these  strata  probably 
exist  within  200  or  300  feet  of  the  surfoce  and  must  have  been 
perforated  if  any  volcanic  orifice  had  opened  up  in  this  quarter. 
In  the  confused  ground  to  the  north  of  the  Stack  a  little  arch 
of  dark  fl^gy  limestone,  10  to  15  yards  in  diameter,  with  bedding 
well  preserved,  apparently  resting  upon  a  sloping  plane  of  basalt 
(see  Figs.  68  and  70),  has  always  constituted  one  of  the  most 
diflicult  problems  of  the  section,  and  one  for  which  no  satis- 
factory solution  has  been  afforded  in  the  previous  literature  of 
the  subject.  But  it  is  in  all  respects  similar  to  the  lenticles 
which  have  previously  been  described,  and  like  them  is  probably 
the  portion  of  a  fold  torn  off  and  carried  forward  along  a  thrust- 
plane.  It  seems  to  be  connected  with  the  pinched-up  ridge 
which  occupies  the  cranny  running  south-eastward  from  it. 

The  Stack  itself  consists  of  a  mass  of  basalt  which,  on  all  sides 
except  the  north,  goes  steeply  down  into  deep  water ;  the  less 
coherent  ash  and  agglomerate  in  which  it  was  no  doubt  once 
embedded  having  been  stripped  away  by  the  sea.  It  exhibits  a 
rude  columnar  structure,  best  seen  on  its  summit,  the  columns 
being  nearly  vertical.  Such  columns  are  formed  perpendicular 
to  the  cooling  surfaces,  so  that  if  the  Stack  had  been,  as 
supposed,  the  core  of  a  vertical  orifice  in  which  lava  has  cooled, 
the  columns  should  have  been  horizontal,  and  not 
vertical.  The  rock  has  an  indistinct  platy  structure,  suggestive 
of  rude  cleavage,  which  strikes  N.  and  S.  and  traverses  the 
columns.  A  little  striu  of  baked  cherty  limestone,  2  to  3  inches 
thick,  apparently  a  fragment  caught  up  by  the  molten 
material  m  its  flow,  lies  embedded  in  the  igneous  rock  on  the 
western  side  of  the  Stack.^ 

Lheeah  Rio. — Reference  has  previously  been  made  (p.  202)  to  the  fact  that 
Lheeakh  Rio,  the  insulated  reef  in  Castletown  Bay  nearly  three-auarters  of  a 
mile  E.N.R  of  Scarlet  Point,  is  largely  if  not  entirely  composed  of  massive 
basic  igneous  rock.  I  examined  the  reef  during  a  19-feet  ebb,  and  found 
every  part  then  above  water  to  be  of  only  one  kind  of  igneous  rock.  As  seen 
afterwards  from  the  shore  at  the  time  of  an  exceptional  ebb  of  21  to  22  feet, 
there  appeared  to  be  much  more  bare  scar  than  I  had  gained  footing  upon; 
and  the  reef  might  repay  further  examination  during  such  an  ebb,  though 
probably  much  that  seems  from  a  distance  to  be  rock  would  be  found  to 
show  only  the  tops  of  the  tall  laminarian  seaweeds,  growing  in  a  few  feet  of 
water.  The  reel  has  a  length  of  about  150  yards,  with  an  extreme  breadth 
of  50  yards,  and,  even  in  that  portion  which  I  examined,  presents  the 
largest  homogeneous  outcrop  of  intrusive  material  within  the  Carbonifeioua 
basin.  Its  position  and  dimensions  associate  it  with  the  Volcanic  Series, 
but  petrographies  1  examination  seems  to  indicate  that  its  affinity  is  with 
the  olivine-dolerite  dykes  rather  than  with  the  diabase  of  the  Stack 


>. 


'  See  Hobson,  op.  cit,  p.  436. 
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(seep.  326).  Unfortunately  the  circumstances  of  its  expoflnre  leave  its 
stratigraphical  relations  entirely  conjectural.  Except  for  the  petrological 
evidence,  I  should  have  regarded  it  as  part  of  the  Volcanic  Series  and  as  an 
indication  that  the  portion  of  the  senes  concealed  by  the  sea  was  of  great 
extent  and  thickness. 

Concluding    Notes    on    the    Southern    CarboniferouB 

BaBin. 

In  concluding  this  chapter  I  propose  briefly  to   restate  the 
general  deductions  drawn  rrom  the  oteerved  facts. 

The  indications  of  overthrusting  at  the  junction  of  the  Volcanic 
Series  with  the  limestone    imply  that    the  original  secjuence 
between  these  rocks  maynot  anywhere  be  preserved.  The  lammated 
character  of  the  least  disturbed  portions  of  the  tuflf,  and  the 
presence  of  marine  remains  in  it,  show  that  the  products  of  the 
eruption  must  have  fallen  into  the  sea,  even  if  the  volcano  were 
not  wholly  submarine.    But  the  absence  of  volcanic  material  &om 
any  portion  of  the  limestone  l)elow  the  mass  of  eruptive  rocb 
inaicates  that  the  volcanic  episode  took  place  after  the  deposi- 
tion of  the  mass  of  the  limestones.     The  first  invasion  of  tuff 
seems,  however,  to  have  followed  immediately   upon  the  depo- 
sition of  the  Posidonomya   Beds  at  the  top  of  the  limestone- 
sequence  ;  and    the  thin   crumpled    shreds    of  ashy  limestone 
among  the  disturbed  ash  above  the  ovcrthrust  are  probably  the 
remnants  of  beds  which  once  existed  at  the  true  base  of  the 
Volcanic  series.     The  preponderance  of  tuff  in  the  lower  part  of 
the  series  probably  signifies  that  the  present  outcrop  lay  at  some 
little  distance  from  the  centre  of  eruption,  and  tnat  the  strip 
now  above  sea-level  occurred  on  the  flank  of  the  volcano.   Ks 
the  eruption    continued,  basic  lava  flowed  out    over  the  ashes 
and  became  interbedded  with  them ;  and  at  a  later  stage  some 
dykes  or  sills  of  similar  composition,  including  the  "melaphyre 
dyke"    near   Scarlet,  seem    to  have  been  injected  into  them. 
During  subsequent  overthrusting,  the  rigidity  of  these  sheets  of 
basalt  gave  riFC  to  great  relative   displacement  between  them 
and  the  softer  deposits  with   which  they  were  associated ;  they 
were  snapped  into  huge  blocks,  which  ploughed  through  the 
ash  and  were  tilted  and  partly  brecciated  (uirinff  the  process. 
Owing  to  the  unequal  pressures  iinpinging  on  the  limestone-floor 
during  these  movements,  the  limestone  was  ridged  up  into  steep 
shallow  folds,  the  crests  of  which  were  sometimes  torn  oflf  and 
involved  in  the  superincumbent  moving  mass. 

By  the  northward  overthrusting  of  the  Volcanic  Series,  the 
Posidonomya  Beds  have  probably  been  in  gre^it  part  overridden 
and  concealed.  Owing  to  the  lack  of  inland  exposures  there  is 
much  uncertainty  as  to  the  nianner  in  which  the  overthrusts 

!)as8  from  higher  to  lower  horizons  in  the  limestone  when 
bllowed  eastward  from  Poolvash  to  Scarlet,  but  they  appear  to 
cross  the  strata  obliquely,  cutting  the  Posidonomya  Beds  at 
Poolvash,  the  Poolvash  Limestone  in  the  vicinitv  of  Close  nv 
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ChoUa^h  Point,  and  tho  Lower  Limestone  farther  eastward. 
There  is  also  difficulty  in  explaining  the  absence  ot  the  displaced 
portion  of  the  limestone  above  the  thrust-plane  in  the  vicinity 
of  Scarlet  if,  as  seems  necessary,  we  reject  Cumming's  supposi- 
tion that  this  portion  is  represented  by  the  mass  of  limestone- 
breccia  at  the  margin  of  the  Volcanic  rocks.  It  has  not,  indeed, 
been  absolutely  proved  that  the  black  flaggv  beds  underlying  the 
Volcanic  rocks  on  the  southern  side  of  the  little  recess  north 
of  Scarlet  Point  belong  to  the  Lower  Limestone ;  and  there  is 
a  bare  possibility  that  they  may  represent  the  Posidonomya 
Beds  brought  in  by  a  fault  against  rocks  of  similar  aspect 
belonging  to  the  Lower  Limestone  on  the  north.  But,  as  already 
stated,  I  could  find  no  evidence  for  this  fault  at  low  water,  and 
Gumming  was  also  ot  opinion  that  the  Lower  Limestone  extended 
across  the  recess. 

The  probable  explanation  is  that  the  movement  was  everywhere 
as  complex  as  in  the  sections  which  have  been  described  and 
figured  above,  and  that  the  displacement  was  crtectcd  by  the 
development  of  numerous  minor  planes  throughout  the  mass  of 
the  volcanic  rocks  rather  than  by  movement  en  bloc  above . 
siii^le  plane. 

The  general  tendency  of  the  movement  seems  to  have  been 
towards  the  production  of  an  anticline  along  an  E.S.K.  to 
W.N.  W.  axis,  ranging  from  S(uu-let  Point  to  Pool  vash.  If  the  beds 
had  been  of  more  homogeneous  and  pliant  composition  it  is 
probable  that  the  requisite  lateral  shortening  would  have  been 
attained  by  a  system  of  simple  folds.  But  tne  rigid  sheets  of 
basalt,  lying  among  softer  material  and  under  no  great  superin- 
cumbent weight,  were  incapable  of  more  than  incipient  folding, 
and  were  broKen  and  overtlirust  all  along  the  crest  of  the  anti- 
cline. The  general  effect  has  been  to  roll  forward  the  Volcanic 
series,  as  it  were,  piecemeal  upon  the  limestone.  The  localisation 
of  the  more  intense  results  of  the  disturbance  to  the  Volcanic 
roclis  is  thus  the  direct  consequence  of  their  lithological 
characters. 

While  in  the  crush-conglomerates  of  the  Manx  Slates,  described 
in  a  previous  chapter,  there  are  indications  of  ^eat  super- 
incumbent pressure  and  shearing  in  every  particle  of  the 
mass,  the  Carboniferous  Volcanic  rocks  seem  to  have  suffered 
disruption  and  rearrangement  comparatively  near  the  surface, 
where  pressure  was  not  severe  and  the  fractured  strata  were 
comparatively  free  to  move.  Under  such  conditions,  brecciation 
has  been  produced  without  any  trace  of  deformation  in  the 
intimate  rock-stnicture,   and   the   separate    blocks    have   been 

Eushed    along    with    as    little    interstitial    alteration    as    the 
oulders  in  and  imdcr  a  glacier. 

Brecciation  of  this  typne  may  be  described  as  "  brecciation- 
without-crushing,"  as  distinguished  from  the  "  brecciation-with- 
crushing  "  which  is  seen  in  tiie  slate-rocks. 

Returning  now  to  the  discussion  of  the  knoU-stnicture  in 
the  Poolvasli  Limestone,  it  will  be  observed  that    the    knolls 
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■ich  Point,   and   the   Lower   Limestone   ftirtlior   Oftstward. 

■  IB  also  tlifliculty  in oxpliiiuing  tlio  iibswue  ot  the  displareJ 

m  of  the  limestone  uImjvc  thu  tlirust-phine  in  the  vidnitv 

'«r]et  if,  fts  Bccnis  necessary,  wo  roject  (.'iinnnin^r's  siijiposi- 

-hat  this  portion  is  rRprbSbiitvd  liy  t)ic  ittuKs  uf  liniestonu- 

ia  at  the  margin  ot"  tlio  Volniiiie  rocks.     It  hits  not,  indeed, 

absolutely  proved  ihiil  llie  Itlntk  Hiijigy  lifdH  iniderlying  th« 

mic  rocks  on  the  southern  side  of  the  Uttle  recess  north 

Mrlet  Point  belonj;  to  tlio  Ijon-ur  Limestone :  nnd  there  ia 

JO  possibility  tlmt   they   may   represent   tlie    I'osidonoinya 

,  brought  in  by   a   fiiidt   afpiinst  rocks   of  similar  aspect 

□sing  to  the  Louer  Liniisloiie  on  the  north.     Hut,  us  already 

)4^1  could  find  no  evidenio  for  this  fault  at  low  water,  antl 

iming  wHsiUsool  opinion  tliat  the  Lower  Limestone  extended 

•as  the  recess. 

he  probable  explanation  is  that  ibe  Kiovenjeiil  was  (ivcrvwhere 
cODiplex  an  in  the  sections  wbii-h  have  lief 'ii  desirihe<l  imd 
lied  above,  and  that  the  displmcTnent  was  cH'Mrti'd  by  the 
'elopmcnt  of  numerous  minor  planes  ibniu^^dtont  iho  nins.s  ot 
:  volcanic  rocks  rather  than  liy  movement  /  n  Ithw  nhno . 
jAe  plane. 

Phe  generid  teiidcuiy  of  tin-  movement  sii-ms  tt»  Iwive  hien 
ivardti  the  prixbielion  of  ;in  anticline-  aloni;  an  K.S.K.  to 
.N.W. axis, ranging  from  .-^iarl.-t  I'uini  l<.  I'oulv'ash.  If  iheberls 
d  been  of  more  homogi'ni'ons  and  pliant  comnosiiiou  it  is 
obabit)  that  the  iviinisit<' laloiiil  shortciiiTig  would  have  i^i-cn 
jtined  by  a  system  of  sim|)]i' folds.  I'lUt  l)ii'  rigid  siieels  of 
■alt,  lyinj;  among  softer  tuati'rial  and  under  no  great  suiierin- 
nbent  weight,  were  incapable  of  nioro  than  incipient  folding, 
d  were  hroKen  and  overtnrust  all  along  the  crest  of  the  anti- 
De.  The  general  et!bct  has  been  to  roll  forward  the  Volcanic 
I,  as  it  were,  piecemeal  upon  the  limestone.  The  localisation 
^jDore  intense  residts  of  the  disturhtince  to  the  Volcanic 
thus    the    direct    consequence    of    their   hthological 

'ix0  crush -conglomerates  of  the  Manx  Slates,  described 

chapter,  there  are  indications  of  great  super- 

'puni  aod   sheamig;  in    every   particle    of    the 

Cm-...^,  igjjai^j^^pcluf  Beem  to  have  suffered 

"ively  near  the  surface, 

!  fractured  strata  were 

I  conditions,  brecciation 

tr.i.''  of  deformation   in  the 

separate    bloyks    have   been 

taL«n^litiaI^fl^^k.ion    as    the 
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curiously  encircle  the  northern  mar^n  of  the  volcanic  area.    As 
mentioned  on  p.  210,  my  first  opinion  was  that  these  knolls  were 
original  structures,  due  to  the  accumulation  and  rapid  consoli- 
dation of  limestone-reefe  on  the  Carboniferous  sea-floor;  but 
since    observing  how  severely  the  volcanic   rocks    had   been 
affected  by  earth-movement,  I  have  felt  less  assured  on  this 
point.     Mr.  J.  E.  Marr  has  recently  claimed^   that  somewhat 
similar  though  much  larger  limestone-knolls  in  Yorkshire  and 
Lancashire  have  been  formed  by  earth-movement ;  and  thoudi 
Mr.  Marr  s  hypothesis  of  cumulative  overthrusting  could  scarcely 
apply  to  knolls  so  small  as  those  of  Poolvash,  it  must  be  acknow- 
leaged  that  these  are  very  likely  to  have  been  in  some  decree 
modified  during  the  overthrustmg  of  the  Volcanic  rocks,  since 
they  lie  partly  within  and  partly  along  the  borders  of  the  zone 
of  disturbance  in  which  the  production  of  dome-like  ridges  is 
not  unusual.      On   the  other  hand,  there  seems  to   be  clear 
evidence  of  different  stages  of  unequal  accumulation  among  the 
limestones,  be^nning  in  the  hummocky  surfaces  so  common  in 
the  Lower  Limestones  (p.  199),  increasing  in  the  small  bosses 
among  the  Posidonomya  Beds  like  those  described  and  figured 
on  p.  227,  and  still  fiirther  expanding  in  the  lenticular  swellings 
of  liiiiestonc-bands  as  shown  in  Fig.  54,  p.  213.     The  difference 
between  the  fauna  of  the  knolls  and  that  of  the  surrounding 
strata,   strongly  insisted  upon  by  Gumming  :   the  great  abun- 
dance of  fossils  in  the  knolls,  and  their  uncrushea  condition : 
and  the  scarcely  less   excellent  state  of  preservation  of  those 
in    the  enfolding  flaggy   beds:   are   circumstances   difficult   of 
explanation  if  wo  rcgarcl  the  structures  as  due  solely  to  earth- 
movement.     We  arc  hampered  in  the  discussion  by  the  lack  of 
definite  information  as  to  the  upward  sequence  from  the  top  of 
the  Jjowcr  Limestones,  and  especially  as  to  the  original  thickness 
of  the  Poolvash  Liiiicstono  and  of  the  Posidonomya   Beds.     A 

Saticnt  re-examination  and  correlation  of  the  faunas  of  these 
ifferent  divisions  is  also  needed;  and  until  such  data  have 
been  accumulated  it  is  perhaps  advisable  to  leave  the  matter  sub 
jiulice. 

The  structure  of  the  Southern  Carboniferous  Basin  as  a  whole, 
with  its  Basement  Conglomerate  outcropping  at  Port  St.  Maiy 
on  the  western  edge,  as  well  as  at  Langness  on  the  eastern  and  at 
Athol  Bridge  and  Cass  ny  Ha  win  on  the  northern,  fuUy  justifies 
Cumming's  observation  that  its  Volcanic  rocks  occupy  the  centre 
of  a  trough.  It  is  true  that  the  trough  is  wide  and  shallow,  but 
none  the  less  it  is  in  the  bottom  of  the  basin  that  lateral 
pressure  would  be  developed  most  forcibly  by  the  inward  tilting  of 
the  sides. 

It  IS  clear  from  the  undisturbed  manner  in  which  the  Car- 
boniterous  Basement  Conglomerate  rests  upon  the  Manx  Slates 
that  the  Post-Carboniferous  movements  have  had  little  or  no 
effect  upon  the   rigid   floor   of  these  previously  folded   rocks; 

*  *'  On  Limestone  Knolls  in  the  Craven  District  of  Yorkshire  and 
elsewhere,"  Quart.  Journ.  Geol.  Soc.,  vol.  Iv.  (1899),  pp.  327-358. 
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and  the  displacements  within  the  boundaries  of  the  Car- 
boniferous seem  to  have  attained  their  ^eatest  intensity  at 
some  distance  above  this  unyielding  base,  tne  strata  resting  im- 
mediatdij  upon  the  rigid  floor  being  less  disturbed  than  those 
higher  m  the  series  where  the  freedom  of  movement  was 
greater. 

In  the  south  of  the  Island  the  evidence  merely  shows  that 
the  movements  were  Post-Lower-Carboniferous ;  but  in  other 
quarters  a  narrower  time-limit  is  indicated.  In  the  deep  borings 
in  the  north  of  the  Island,  (see  Chap.  VII.  p.  280),  Triassic  and 
so-called  Permian  strata  were  found  to  rest  nearly  horizontally 
and  imdisturbed,  in  sharp  unconformability,  upon  the  eroded 
upturned  edges  of  Lower  Carboniferous  rocks  tilted  at  a 
high  angle  and  much  disturbed,  proving  severe  movements  of 
Pre-Permo-Triassic  age.  The  same  Post-Lower-Carboniferous 
but  Pre-Triassic  movements  (Stage  6.  of  the  classification  in 
Chap  III.  p.  72)  seem  also  to  have  affected  the  Peel  Sandstones 
of  the  western  coast  (see  pp.  272-3). 

PalflDontology  of  the  Carboniferoiu  Rooks. 

As  previously  mentioned,  though  a  few  Manx  fossils  have  been 
described  in  special  monographs  since  Cumming's  list  was 
issued  in  1848,  no  later  work  on  the  subject  as  a  whole  has  yet 
been  published.  It  was  not  foimd  possible  during  the  present 
survey  to  devote  much  time  to  the  collection  of  the  Carboniferous 
fossils,  but  an  attempt  has  been  made  in  the  list  which  follows  to 
illustrate  the  palaeontology  of  the  deposits,  by  using  the  material 
available  in  several  private  collections  generously  placed  at  our 
disposal  by  the  owners. 

Cimmimg*s  list  included  222  species,  of  which  13,  considered 
by  him  to  be  new,  were  denoted  oy  MS.  names  without  figures 
or  description.  His  collection  is  still  preserved  in  the  museum 
of  King  William's  College  at  Castletown,  but  has  unfortunately 
&llen  into  disorder,  so  that  the  majority  of  the  specimens  are 
now  either  without  labels,  or  ¥rith  labels  insufficient  for  their 
identification.  By  permission  of  the  authorities  of  the  College, 
we  were  allowed  to  pick  out  the  labelled  specimens,  in  which 
species  equivalent  to  about  one  half  of  Cummings  list  were 
represented,  and  these  were  re-determined  in  the  Pafoontological 
Department  of  the  Survey  and  returned  to  the  College.  It  was 
at  nrat  intended  to  work  out  Cumming's  synonymy  in  regard  to 
these  species,  but  the  old  nomenclature  was  in  some  instances  so 
erratic  that  the  intention  was  abandoned,  as  it  was  suspected  that 
the  labels  had  in  some  cases  been  shifted  from  their  original  speci- 
mens. These  fossilsfrom  the  Cumming  collection, along  with  a  few 
collected  during  the  course  of  the  Survey  and  others  previously 
contained  in  the  Jermyn  Street  Museum,  were  arranged  under  the 
stratigraphical  divisions  adopted  by  Camming,  and  became  the 
basis  of  tne  present  list,  which  was  then  augmented  to  its  present 
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length  by  the  examination  of  the  collections  of  Miss  C.  Birley,  Mr. 
R.  Law,  F.G.S.,^  and  the  Woodwardian  Museum  of  Cambridge,  and 
by  the  addition  of  species  recorded  in  the  special  monographs 
mentioned  at  the  head  of  the  list  Dr.  Wneelton  Hind  nas 
also  supplied  us  with  a  list  of  the  Manx  lamellibranchs  and  a 
few  other  forms  contained  in  his  own  and  other  collections  which 
he  has  personally  examined.  To  him  and  to  the  owners  of  the 
collections  above-mentioned  our  hearty  thanks  are  due  for  their 
unstinted  assistance.  These  sources  are  indicated  in  the  Table 
by  initial  letters,  and  in  the  fourth  column  the  authority  for  the 
determination  is  given. 

The  list  contains  a  total  of  237  species,  as  against  the  S22 
species  recorded  by  Cumming ;  but  from  the  method  in  wbiA  k 
has  boon  compiled,  it  is  necessarily  of  uneaual  value  for  Ae 
different  brancnes  of  the  fauna.    It  is  especially  rich-  in  DoiMffi- 
branchs,  owing  to  Dr.  Hind's  assistance ;  in  Cephalopoda  and 
Brachiopods  is  adequate  but  not  exhaustive;  while  m  GbMteropods. 
Trilobites  and  Corals  it  is  poorer  than  Cumming^s  list  and  is 
frankly  insufficient.    Cumming  also  records  three  species  offish 
from  the  Lower  Limestone  and  one  from  the  Posidonomya  beds; 
and   five  plants  (Adiantum,  Pecopteris,  Sphenopteria  mrvom, 
Brongn.,  Lepidostrobus  ornatua,  Brongn.,  and   Calamites)  from 
the  last-mentioned  beds;  all  of  which  are  now  unrepresented 
among  the  labelled  specimens  preserved  in  the  Coll^;e  Museum 
collection  at  Castletown.     Stratigraphically,  it  is  in  regard  to 
the  Posidonomya  beds  that  our  present  fist  is  most  deficient 
as  comparol  with  its  forerimner,  Cfumming  having  paid  especial 
attention   to   this  division,  whereas  most  later  collectors  have 
been  chieHy  attracted  to  the  more  prolific  Poolvash  and  Lower 
Limestones. 

In  the  Lower  Limestonas  the  most  conspicuous  fossils  are  the 
larger  corals,  Zaphrentia,  etc. ;  ProdxLctus  giganUiis,  and  other 
brachiopods;  and  large  cephalopods,  including  PrdeeaniU^ 
compre^sus  (better  known  as  Goriiatites  Henslowi)  (Fig.  71), 
Solenocheilus,  TeinnocheUns,  etc. 

The  Poolvash  Limestone,  as  already  described,  is  in  many 
placas  a  mass  of  beautifully  preserved  shells,  brachiopods  pre- 
dominating in  one  spot,  cephalopods  in  another,  whue  corals 
are  comparatively  rare,  though  they  abound  in  the  dark  flaggy 
and  shaly  beds  wliich  surround  and  overlap  the  knolls  of  this  lime- 
stone (see  p.  214). 

The  characteristic  fossil  of  the  Posidonomya-hoA^  is  the 
lamellibranch  Po8id<momya  Beckett  (Fig.  73),  but  as  Dr.  Hind 
remarks,  it  is  only  found  in  certain  bands. 

The  fossils  in  the  Volcanic  Ash  have  been  much  neglected, 
and  those  at  present  known  are  not  sufficiently  numerous  to  be 

*  Mr.  Law's  collection  of  the  Manx  Carboniferous  fossils,  especially  of 
those  of  the  Poolvash  Limestone,  is  of  the  most  extensive  character. 
The  cephalopods  and  lamellibranchs  alone  have  been  laid  under  contribu- 
tion for  the  present  list,  as  time  did  not  permit  the  examination  of  the 
whole. 
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orth  showing  io  a  separate  column  in  the  table.  Fragments 
'  encrinite  stems  are  the  most  common  remains ;  in  the  Cum- 
ling  collection  there  is  an   example  of  Posidonomya  Becheri  in 


miiituut,  J.  Sowerby,  tp.  Lower  LimCHtone. 
id  _h,  about  i  nat.  size  ;  ^  a1>out  S  oat.  size. 


a,  b,   c,      Prrilemnilet 

arlet.  Isle  of  Mau ;  a,  ana  n,  aoout  t  nat.  size  ;  ^  aiwut  i 

rom  " Briiit/i  Mmeum  Cat.  I'ou.  Cephalopoda"  pt.  iii.,  p.  245.) 

IG.  73. 


PotiihiMom^a  Herheri,  Ooldf.    Carboniferous  Linieatone  Scries.    Fiffureil 
m  a  siiecimcD  in  the  Survey  Callectiuu  from  near  Baiiiburgh,  Nortiium- 


ashy  matrix;  and,  as  mentioned  on  p.  235,  during  our  recent 
lit  to  the  sections  Mr.  J.  A.  Howe  found  a  dorsal  iish-spine 
■heTiacanthus  (Ctenacanthua)  5  inches  in  length  in  the  ash  near 
r-water  mark  at  Poolvash,  and  Glyphioceraa  {GoniatiUs) 
iatum  and  Spirifera  (probably  biavicata)  in  the  same  material 
the  low  cUft'at  Close  ny  Ohollagh  (see  p.  236). 
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[Postscript,  August,  1902. — Reference  has  been  made  above 
to  Cumming's  discovery  of  plant-remains  in  the  Posidonomya 
Beds,  and  to  the  absence  of  the  original  specimens  from  the 
Camming  Collection  in  the  College  Museum,  Castletown. 
We  have,  however,  been  informed  recently  by  Dr.  Wheelton 
Hind,  that  fresh  specimens  of  these  plants  have  been  obtained 
by  Mr.  D.  Tait  while  collecting  at  Poolvash  for  the '  Carboniferous 
^nes  Committee  '  of  the  British  Association.  The  specimens 
were  found  in  a  band  of  black  shale  among  the  hunomaocks  of 
limestone  containing  marine  fossils,  and  included  the  following 
plants: — Adiantites  Madianeki,  Stur.;  Adiantites  antiquus, 
Ett.;  S2)henopteris p<ichyrachi8,QQf>p.;  Sphenoj^eriapcu^hyrac^ 
var.  stenophyUa,  GOpp. ;  and  Sphenoptei^  allied  to  SpJu  bifida, 
L.  and  H.,  or  SpL  auogenicitlata,  Stur. 

The  bod  also  contained  the  following  mollusca: — Posidonomya 
Becker i ;  Aviculopecten papyraceus  {thus  proving  the  exist^ee 
of  this  species  in  the  Island  and  settlmg  the  doubt  expressed  in 
a  footnote  on  p.  259) ;  Orthoceras  morrisianv/ni ;  OHlu^ceras  md- 
catum ;  and  Glyphioceraa  resembling  Olyph,  crenistria  or  Olypfi. 
7'eticiUatuvi.] 

As  Dr.  Wheelton  Hind  is  at  present  engaged  in  a  critical 
study  of  the  British  Carboniferous  fEtima,  and  has  personally 
investigated  the  Manx  deposits  with  this  object  in  view,  he  his 
at  our  request  kindly  prepared  the  following  notes  on  the  general 
aspect  of  the  Manx  tauna  and  its  relations  with  the  Carboniferous 
faimas  of  the  mainland : — 

"  In  reviewing,  as  a  whole,  the  Carboniferous  fossils  of  the  Isle 
of  Man,  it  cannot  be  said  that  the  fEiima  is  in  any  way  local  or 
peculiar,  except  in  the  number  of  individuals  present  One 
shell,  AllorisTtia  "inonensia,  Hind,  may  prove  to  occur 
only  in  the  island,  and  this  shell  does  seem  to  be  characteristic 
of  the  Lower  Limestones,  only  being  found  with  Ed'mondia 
8iUcatayVhi\\.sp.,andFrolecanite8Compre88V^JSow.{0onM^^ 
at  Scarlet  and  Ballasalla.  The  fauna  of  the  Poolvash  Limestone 
may  bo  siiid  to  be  identical  with  the  fEiunas  which  are  found  in 
the  shelly  limestones  of  the  Craven  district  of  Yorkshire,  Clitheroe, 
(Lancashire),  Castleton,  Park  Hill,  and  Thorpe  Cloud  (Derbyshire), 
and  Wetton,  Narrowdale,  and  Gateham  (Staffordshire),  though 
individuals  of  the  Cephalopoda  are  much  more  numerous  in  tne 
Isle  of  Man. 

"In  my  opinion,  in  S.W.  Yorkshire,  Derbyshire,  and  Stafford- 
shire the  lower  beds  are  rarely  exposed,  and,  consequently,  to  a 
very  large  extent  we  are  ignorant  of  any  special  &una  they  may 
contain ;  but  at  Clitheroe  the  Carboniferous  Limestone  consists  uf 
a  series  of  bedded  limestones  at  the  base,  much  resembling  the 
Scarlet  and  Ballasalla  limestones  in  appeamnce,  and  an  upper 
series  of  obscurely  bedded,  white,  richly  fossiliferous  beds,  wnich 
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probably  represent  the  Poolvash  beds,  and  accumulated  under 
similar  conditions.  The  &una  of  the  lower  part  of  the  limestones, 
as  exposed  at  Kendal  Fell,  Westmoreland,  appears  to  me  to 
closely  resemble  that  of  the  Lower  Limestones  of  the  Isle  of 
Man,  and,  amongst  others,  Edvwiidm  sulcata  and  Prolecanites 
eoTnpressas,  which  are  not  met  with  m  the  upper  beds  of  either 
the  Midlands  or  the  Isle  of  Man«  are  found  there.  The  Knife 
Scar  limestones  of  Shap  also  hi^ve  a  very  similar  fauna,  and  this 
bed  is  supposed  to  belong  to  the  Melmerby  Scar  series,  the 
northern  representatives  of  the  Great  Scar  Limestone.  The 
limestones  of  the  Fumess  district  appear  to  have  a  series  of 
bedded  limestone  at  the  base,  with  massive  limestone  above,  but 
fossils  are  not  present  in  any  large  number,  but  corals  are,  as  in 
the  Isle  of  Man,  only  found  in  numbers  in  the  lower  beds,  and 
Productus  giganteua  appears  to  have  lived  during  the  whole  of 
the  deposit  of  both  upper  and  lower  beds,  as  in  the  Isle  of  Man, 
and  to  pass  upwards  in  the  Fumess  district  into  a  thin  band  of 
limestone  which  is  separated  from  the  main  mass  by  a  hundred 
feet  or  so  of  shales,  wnich  is  the  upper  limit  at  which  this  fossil 
occurs.  I  doubt  whether  Edmonaia  svlcata  can  in  any  way  be 
claimed  to  be  characteristic  of  the  lower  limestones,  except  that 
I  have  not  yet  seen  it  in  any  of  the  shelly  white  limestones 
either  of  the  Isle  of  Man  or  north  central  England.  But  this 
shell  occurs  at,  at  least,  two  horizons  in  Wensleydale,  in 
the  shales  below  the  Hardraw  Scar,  and  in  the  Middle 
Limestone. 

*'  In  the  Isle  of  Man  it  seems  impossible  to  make  out  the  exact 
relationship  of  the  shelly  limestones  to  the  well-bedded  or  Lower 
series.  It  is  at  present  impossible  to  determine  whether  or  no 
the  isolated  masses  of  shell  limestone  were  original  local  struc- 
tures, or  were  due  to  the  denudation  of  a  sheet,  which  was  cut 
up  into  masses  by  exposure  to  the  usual  weathering  agents, 
or  by  exposure  on  a  foreshore,  some  slight  horizontal  move- 
ments subsequently  complicating  their  stratigraphical  arrange- 
ment. 

"The  Posidonomya  beds  are  of  interest,  from  the  peculiar  fossils 
they  contain,  and  from  their  local  character. 

"  The  beds  are  found  over  a  very  small  area  only,  and  appear  to 
be  due  to  a  local  more  or  less  estuarine  pha&e  in  the  upper  part 
of  the  series  of  bedded  limestones,  and  their  relation  to  the  wnite 
shelly  limestone  is  very  questionable.  All  previous  observers 
have  considered  the  Posidonoviya  beds  t'^  bo  ftratigraphically 
above  the  white  shelly  limestones,  and  to  represent  the  last  phase 
of  the  Carboniferous  deposits  in  the  south  of  the  Island,  but  the 
section  at  the  black  marble  quarry  can  hardly  be  interpreted  in 
this  way. 

"  The  fauna  of  these  beds  consists  of  flattened  casts  of  an 
ovate  lamellibranch,  Solenomya  costellatus,  McCoy,  which  1  have 
also  obtained  from  the  4  Laws  Limestone  of  Northumberland^ 
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uggcsts  that  the  jplatform  of  Lower  Limestone  iinderlyiug 
he  major  thrust-plane  is  continuous  at  least  as  far  as  the 
lorthem  ed^e  of  the  Stack,  dipping  gently  southward  beneath  the 
olcanic  rocKS.  Li  the  coarse  agglomerate,  rounded  and  spindle- 
haped  pieces  of  chcrty  limestone  are  rather  abundant,  but  no 
ragments  of  the  Carboniferous  Basement  Conglomerate  nor  of 
he  Manx  Slates  were  observed,  though  these  strata  probably 
xist  within  200  or  300  feet  of  the  surmce  and  must  have  been 
>crforated  if  any  volcanic  orifice  had  opened  up  in  this  quarter. 
n  the  confused  ground  to  the  north  of  the  Stack  a  little  arch 
»f  dark  flaggy  limestone,  10  to  15  yards  in  diameter,  with  bedding 
^rell  preserved,  apparently  resting  upon  a  sloping  plane  of  basalt 
see  r  igs.  68  and  70),  has  always  constituted  one  of  the  most 
lifiicult  problems  of  the  section,  and  one  for  which  no  satis- 
lactory  solution  has  been  afforded  in  the  previous  literature  of 
he  subject.  But  it  is  in  all  respects  similar  to  the  lenticles 
^hich  have  previously  been  described,  and  like  them  is  probably 
he  portion  of  a  fold  torn  off  and  carried  forward  alon^  a  thrust- 
)lana  It  seems  to  be  connected  with  the  pinchea-up  ridge 
vhich  occupies  the  cranny  running  south-eastward  from  it. 

The  Stack  itself  consists  of  a  mass  of  basalt  which,  on  all  sides 
jxcept  the  north,  goes  steeply  down  into  deep  water;  the  less 
»herent  ash  and  agglomerate  in  which  it  was  no  doubt  once 
imbedded  having  been  stripped  away  by  the  i-oa.  It  exhibits  a 
•ude  columnar  structure,  best  seen  on  its  summit,  the  columns 
)eing  nearly  vertical.  Such  cohnnns  are  formed  perpendicular 
o  the  cooling  surfaces,  so  that  if  the  Stack  had  been,  as 
supposed,  the  core  of  a  vertical  orifice  in  which  lava  has  cooled, 
he  columns  should  have  been  horizontal,  and  not 
'^ertical.  The  rock  has  an  indistinct  platy  structure,  suggestive 
>f  rude  cleavage,  which  strikes  N.  and  S.  and  traverses  the 
^lumns.  A  little  strip  of  baked  cherty  limestone,  2  to  3  inches 
hick,  apparently  a  Fragment  caught  up  by  the  molten 
naterial  m  its  flow,  lies  embedded  in  the  igneous  rock  on  the 
vestem  side  of  the  Stack.^ 

Lheeah  Rio. — ilcference  has  previously  been  made  (p.  202)  to  the  fact  that 
^eeah  Rio,  the  insulated  reef  in  Castletown  Bay  nearly  three-auarters  of  a 
oile  KN.E.  of  Scarlet  Point,  is  largely  if  not  entirely  composed  of  massive 
lasic  igneous  rock.  I  examined  the  reef  during  a  19-feet  ebb,  and  found 
ivery  part  then  above  water  to  be  of  only  one  kind  of  igneous  rock.  As  seen 
iterwards  from  the  shore  at  the  time  of  an  exceptional  ebb  of  21  to  22  feet, 
here  appeared  to  be  much  more  bare  scar  than  I  had  gained  footing  upon; 
tnd  the  reef  might  repay  further  examination  during  such  an  ebb,  though 
)robably  much  that  seems  from  a  distance  to  be  rock  would  be  found  to 
how  only  the  tops  of  the  tall  laminarian  seaweeds,  growing  in  a  few  feet  of 
fater.  The  reef  has  a  length  of  about  150  yards,  with  an  extreme  breadth 
>f  50  yards,  and,  even  in  that  portion  which  I  examined,  presents  the 
argest  homogeneous  outcrop  of  intrusive  material  within  the  Carboniferous 
Mtsin.  Its  position  and  dimensions  associate  it  with  the  Volcanic  Series, 
)Ut  petrographical  examination  seems  to  indicate  that  its  affinity  is  with 

he  olivine-aolerite  dykes  rather  than  with  the  diabase  of  the  Stack 

_^___^_^_^_^__^..^.^_^_^_^^_— .^^— — — ^^^— — ^ —  ■  ■-    -I   ■  ■» 

"^  1  See  Hobson,  op.  cit.,  p.  436. 
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(see  p.  326).  Unfortunately  the  circumstances  of  its  exposure  leave  its 
stratigraphical  relations  entirely  conjectural.  Except  for  the  petrological 
evidence,  I  should  have  regarded  it  as  part  of  the  Volcanic  Series  and  as  an 
indication  that  the  portion  of  the  series  concealed  by  the  sea  was  of  great 
extent  and  thickness. 

Concluding    Notes    on    the    Southern    Carboniferous 

Basin. 

In  concluding  this  chapter  I   propose  briefly  to   restate  the 
general  deductions  drawn  from  the  observed  facts. 

The  indications  of  overthrusting  at  the  junction  of  the  Volcanic 
Series  with  the  limestone  imply  that  the  original  se<juence 
between  these  rocks  may  not  anywhere  be  preserved.  The  laminated 
character  of  the  least  disturbed  portions  of  the  tuff,  and  the 
presence  of  marine  remains  in  it,  show  that  the  products  of  the 
eruption  must  have  fallen  into  the  sea,  even  if  the  volcano  were 
not  wholly  submarine.  But  the  absence  of  volcanic  material  from 
any  portion  of  the  limestone  below  the  mass  of  eruptive  rocks 
indicates  that  the  volcanic  episode  took  place  after  tne  deposi- 
tion of  the  mass  of  the  limestones.  The  first  invasion  of  tuff 
seems,  however,  to  have  followed  immediately  upon  the  depo- 
sition of  the  Posidonomya  Beds  at  the  top  of  the  limestone- 
sequence  ;  and  the  thin  crumpled  shreds  of  ashy  limestone 
among  the  disturbed  ash  above  the  overthrust  are  probably  the 
remnants  of  beds  which  once  existed  at  the  true  base  of  the 
Volcanic  series.  The  preponderance  of  tuff  in  the  lower  part  of 
the  series  probably  signifies  that  the  present  outcrop  lay  at  some 
little  distance  from  the  centre  of  eruption,  and  that  the  strip 
now  above  sea-level  occurred  on  the  flank  of  the  volcano.  As 
the  eruption  continued,  basic  lava  flowed  out  over  the  ashes 
and  became  interbedded  with  them ;  and  at  a  later  stage  some 
dykes  or  sills  of  similar  composition,  including  the  "melaphyre 
dyke"  near  Scarlet,  seem  to  have  been  injected  into  them. 
During  subsequent  overthrusting,  the  rigidity  of  these  sheets  of 
basalt  gave  rise  to  great  relative  displacement  between  them 
and  the  softer  deposits  with  which  they  were  associated ;  they 
were  snapped  into  huge  blocks,  which  ploughed  through  the 
ash  and  were  tilted  and  partly  brecciated  during  the  process. 
Owing  to  the  unequal  pressures  impinging  on  the  Iimestone-floor 
during  these  movements,  the  limestone  was  ridged  up  into  steep 
shallow  folds,  the  crests  of  which  were  sometimes  torn  off  and 
involved  in  the  superincumbent  moving  mass. 

By  the  northward  overthrusting  of  the  Volcanic  Series,  the 
Posidonomya  Beds  have  probably  been  in  great  part  overridden 
and  concealed.  Owing  to  the  lack  of  inland  exposures  there  is 
much  uncertainty  as  to  the  manner  in  which  the  overthnists 
pass  from  higher  to  lower  horizons  in  the  limestone  when 
followed  eastward  from  Poolvash  to  Scarlet,  but  they  appear  to 
cross  the  strata  obliquely,  cutting  the  Posidonomya  Beds  at 
Poolvash,  the  Poolvash  Limestone  in  the  vicinity  of  Close  ny 
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Cholla^h  Point,  and  the  Lower  Limestone  farther  eastward. 
There  is  also  difficulty  in  explaining  the  absence  of  the  displaced 
portion  of  the  limestone  above  the  thrust-plane  in  the  vicinity 
of  Scarlet  if,  as  seems  necessary,  we  reject  Cumming's  supposi- 
tion that  this  portion  is  represented  by  the  mass  of  limestone- 
breccia  at  the  margin  of  the  Volcanic  rocks.  It  has  not,  indeed, 
been  absolutely  proved  that  the  black  flaggv  beds  underlying  the 
Volcanic  rocks  on  the  southern  side  of  the  little  recess  north 
of  Scarlet  Point  belong  to  the  Lower  Limestone ;  and  there  is 
a  bare  possibility  that  they  may  represent  the  Posidonomya 
Beds  brought  in  by  a  fault  against  rocks  of  similar  aspect 
belonging  to  the  Lower  Limestone  on  the  north.  But,  as  already 
stateo,  I  could  find  no  evidence  for  this  fault  at  low  water,  and 
Gumming  was  also  of  opinion  that  the  Lower  Limestone  extended 
across  the  recess. 

The  probable  explanation  is  that  the  movement  wiis  everywhere 
as  complex  as  in  the  sections  which  have  been  described  and 
figured  above,  and  that  the  displacement  was  etlectcd  by  the 
development  of  numerous  minor  planes  throughout  the  mass  of 
the  volcanic  rocks  rather  than  by  movement  en  bloc  above . 
single  plane. 

The  general  tendency  of  the  movement  seems  to  have  been 
towards  the  production  of  an  anticline  along  an  E.S.K  to 
W.N.W.  axis,  ranging  from  Se^irlet  Point  to  Poolvash.  If  the  beds 
had  been  of  more  homogeneous  and  pliant  composition  it  is 
probable  that  the  requisite  lateral  shortening  would  have  been 
attained  by  a  system  of  simple  folds.  But  tne  rigid  sheets  of 
basalt,  lying  among  softer  material  and  under  no  great  superin- 
cumbent weight,  were  incapable  of  more  than  incipient  folding, 
and  were  broKcn  and  overtnrust  all  along  the  crest  of  the  anti- 
cline. The  general  effect  has  been  to  roil  forward  the  Volcanic 
series,  as  it  were,  piecemeal  upon  the  limestone.  The  localisation 
of  the  more  intense  results  of  the  disturbance  to  the  Volcanic 
rocks  is  thus  the  direct  consequence  of  their  lithological 
characters. 

While  in  the  cnish-conglomerates  of  the  Manx  Slates,  described 
in  a  previous  chapter,  there  are  indications  of  ^eat  super- 
incumbent pressure  and  shearing  in  every  particle  of  the 
mass,  the  Carboniferous  Volcanic  rocks  seem  to  have  suffered 
disruption  and  rearrangement  comparatively  near  the  surface, 
where  pressure  was  not  severe  and  the  fractured  strata  were 
comparatively  free  to  move.  Under  such  conditions,  brecciation 
has  oeen  produced  without  any  trace  of  deformation  in  the 
intimate  rock-stnicture,  and  the  separate  blocks  have  been 
pushed  along  with  as  little  interstitial  alteration  as  the 
Doulders  in  and  under  a  glacier. 

Brecciation  of  this  type  may  be  described  as  "  brecciation- 
without-crushing,'*  as  distinguished  from  the  "  brecciation-with- 
crushing  "  which  is  seen  in  tne  slate-rocks. 

Returning  now  to  the  discussion  of  the  knoll-structure  in 
the  Poolvasn  Limestone,  it  will  be  observed  that    the    knolls 
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curiously  encircle  the  northern  mar^n  of  the  volcanic  area.    As 
mentioned  on  p.  210,  my  first  opinion  was  that  these  knolls  were 
original  structures,  due  to  the  accumulation  and  rapid  consoli- 
dation of  limestone-reefe  on  the  Carboniferous  sea-floor;  but 
since    observing  how  severely  the  volcanic   rocks    had   been 
affected  by  earth-movement,  I  have  felt  less  assured  on  this 
point.     Mr.  J.  E.  Marr  has  recently  claimed*   that  somewhat 
similar  though  much  larger  limestone-knolls  in  Yorkshire  and 
Lanciishirc  have  been  formed  by  earth-movement ;  and  thou^ 
Mr.  Marr's  hypothesis  of  cumulative  overthrusting  could  scarcely 
apply  to  knolls  so  small  as  those  of  Poolvash,  it  must  be  acknow- 
leaged  that  these  are  very  likely  to  have  been  in  some  d^free 
moditiod  during  the  overthrustmg  of  the  Volcanic  rocks,  since 
they  lie  partly  within  and  partly  along  the  borders  of  the  zone 
of  aisturbance  in  which  the  production  of  dome-like  ridges  is 
not  unusual.      On   the  other  hand,  there  seems  to  be  clear 
evidence  of  different  stages  of  unequal  accumulation  among  the 
limestones,  beginning  in  the  hummocky  sur£Gtces  so  common  in 
the  Lower   Limestones  (p.  199),  increasing  in  the  small  bosses 
among  the  Posidonomya  ^eds  like  those  described  and  figured 
on  p.  227,  and  still  further  expanding  in  the  lenticular  swellings 
of  limestone-bands  as  shown  in  Fig.  54,  p.  213.     The  difference 
between  the  fauna  of  the  knolls  and  that  of  the  surrounding 
strata,   strongly  insisted  upon  by  Gumming  :   the  great  abun- 
dance of  fossils  in  the  knolls,  and  their  uncrushed  condition: 
and  the  sc^ircely  less  excellent  state  of  preservation  of  those 
in    the   enfolding   flaggy   beds:   are   circumstances   difficult  of 
explanation  if  we  regard  the  structures  as  due  solely  to  earth- 
movement.     We  arc  hampered  in  the  discussion  by  the  lack  of 
definite  information  as  to  the  upward  sequence  from  the  top  of 
the  Lower  Limestones,  and  especially  as  to  the  original  thickness 
of  the  Poolvash  Limestone  and  of  the  Posidonomya  Bed&    A 

Satient  re-examination  and  correlation  of  the  faunas  of  these 
iffercnt  divisions  is  also  needed;  and  until  such  data  have 
been  accumulated  it  is  perhaps  advisable  to  leave  the  matter  mJk 
jxvdice. 

The  structure  of  the  Southern  Carboniferons  Basin  as  a  whole, 
with  its  Basement  Conglomerate  outcropping  at  Port  St  Maiy 
on  the  western  edge,  as  well  as  at  Langness  on  the  eastern  and  at 
Athol  Bridge  and  Cass  ny  Ha  win  on  the  northern,  fiilly  justifies 
Cumming's  observation  tnat  its  Volcanic  rocks  occupy  the  centre 
of  a  trough.  It  is  true  that  the  trough  is  wide  and  shallow,  but 
none  the  less  it  is  in  the  bottom  of  the  basin  that  lateral 
pressure  would  be  developed  most  forcibly  by  the  inward  tilting  of 
the  sides. 

It  IS  clciir  from  the  undisturbed  manner  in  which  the  Car- 
boniterous  Basement  Conglomerate  rests  upon  the  Manx  Slates 
that  the  Post-Carboniferous  movements  have  had  little  or  no 
effect  upon  the   rigid   floor   of  these  previously  folded  rocks; 

^  '*  On    Limestone    Knolls  in    the  Craven  District  of    Yorkahire  and 
elsewhere,"  Quart.  Journ.  Geol.  Soc.,  vol.  Iv.  (1899),  pp.  327-358. 
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and  the  displacements  within  the  boundaries  of  the  Car- 
boniferous seem  to  have  attained  their  ^eatest  intensity  at 
some  distance  above  this  unyielding  base,  tne  strata  resting  im- 
mediatdij  upon  the  rigid  floor  being  less  disturbed  than  those 
higher  m  the  series  where  the  freedom  of  movement  was 
greater. 

In  the  south  of  the  Island  the  evidence  merely  shows  that 
the  movements  were  Post-Lower-Carboniferous;  but  in  other 
quarters  a  narrower  time-limit  is  indicated.  In  the  deep  borings 
in  the  north  of  the  Island,  (see  Chap.  VII.  p.  280),  Triassic  and 
so-called  Permian  strata  were  found  to  rest  nearly  horizontally 
and  imdisturbed,  in  sharp  unconformability,  upon  the  eroded 
upturned  edges  of  Lower  Carboniferous  rocks  tilted  at  a 
high  angle  and  much  disturbed,  proving  severe  movements  of 
Pre-Permo-Triassic  age.  The  same  Post-Lower-Carboniferous 
but  Pre-Triassic  movements  (Stage  6.  of  the  classification  in 
Chap  III.  p.  72)  seem  also  to  have  afTected  the  Peel  Sandstones 
of  tne  western  coast  (see  pp.  272-3). 

Palsontology  of  the  Carboniferoiu  Socks. 

As  previously  mentioned,  though  a  few  Manx  fossils  have  been 
described  in  special  monographs  since  Cumming's  list  was 
issued  in  1848,  no  later  work  on  the  subject  as  a  whole  has  yet 
been  pubUshed.  It  was  not  found  possible  during  the  present 
survey  to  devote  much  time  to  the  collection  of  the  Carboniferous 
fossils,  but  an  attempt  has  been  made  in  the  list  which  follows  to 
illustrate  the  palaeontology  of  the  deposits,  by  using  the  material 
available  in  several  private  collections  generously  placed  at  our 
disposal  by  the  owners. 

Uummmg's  list  included  222  species,  of  which  13,  considered 
by  him  to  be  new,  were  denoted  by  MS.  names  without  figures 
or  description.  His  collection  is  still  preserved  in  the  museum 
of  King  William's  College  at  Castletown,  but  has  unfortunately 
Ca^Uen  mto  disorder,  so  that  the  majority  of  the  specimens  are 
now  either  ¥rithout  labels,  or  ¥rith  labels  insufficient  for  their 
identification.  By  permission  of  the  authorities  of  the  College, 
we  were  allowed  to  pick  out  the  labelled  specimens,  in  which 
species  equivalent  to  about  one  half  of  Cumming's  list  were 
represented,  and  these  were  re-determined  in  the  Palaeontological 
Department  of  the  Survey  and  returned  to  the  College.  It  was 
at  first  intended  to  work  out  Cumming's  synonymy  in  regard  to 
these  species,  but  the  old  nomenclature  was  in  some  instances  so 
erratic  that  the  intention  was  abandoned,  as  it  was  suspected  that 
the  labels  had  in  some  cases  been  shifted  from  their  onginal  speci- 
mens. These  fossils  from  the  Cumming  collection,  along  with  a  few 
collected  during  the  course  of  the  Survey  and  others  previously 
(X>ntained  in  the  Jermyn  Street  Museum,  were  arranged  under  the 
jtratigraphical  divisions  adopted  by  Cumming,  and  became  the 
t)asis  of  tne  present  list,  which  was  then  augmented  to  its  present 
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length  by  the  examination  of  the  collections  of  Miss  C.  Birley,  Mr. 
R.  Law,  F.G.S.,^  and  the  Woodwardian  Museum  of  Cambridge,  and 
by  the  addition  of  species  recorded  in  the  special  monographs 
mentioned  at  the  head  of  the  list.  Dr.  Wneelton  Hind  nas 
also  supplied  us  with  a  list  of  the  Manx  lamellibranchs  and  a 
few  other  forms  contained  in  his  own  and  other  collections  which 
he  has  personally  examined.  To  him  and  to  the  owners  of  the 
collections  above-mentioned  our  hearty  thanks  are  due  for  their 
unstinted  assistance.  These  sources  are  indicated  in  the  Table 
by  initial  letters,  and  in  the  fourth  column  the  authority  fiwr  the 
determination  is  given. 

The  list  contains  a  total  of  237  species,  as  aeainat  the  S22 
species  recorded  by  Cumming ;  but  from  the  metnod  in  wbJdh  it 
has  been  compiled,  it  is  necessarily  of  imequal  value  tar  die 
different  brancnes  of  the  fauna.  It  is  especially  ricfau  in  LanieDi- 
branchs,  owing  to  Dr.  Hind's  assistance ;  in  Cephalopocb  and 
Brachiopods  is  adequate  but  not  exhaustive;  while  in  Qastetopods. 
Trilobites  and  Corals  it  is  poorer  than  Cumming^s  list  and  is 
frankly  insufficient.  Cumming  also  records  three  species  of  fish 
from  tne  Lower  Limestone  and  one  from  the  Posidonomya  beds ; 
and  five  plants  (Adiantuifii,  Pecopteris,  Sphenopteris  nervosa, 
Brongn.,  tepidoetrobus  omatuay  Brongn.,  and  Calamites)  from 
the  last-mentioned  beds;  all  of  which  are  now  unrepresented 
among  the  labelled  specimens  preserved  in  the  Coll^[e  Museum 
collection  at  Castletown.  Stratigraphically,  it  is  in  regard  to 
the  Posidonomya  beds  that  our  present  fist  is  most  deficient 
as  compared  with  its  forerunner,  (Jumming  having  paid  especial 
attention  to  this  division,  whereas  most  later  collectors  have 
been  chiefly  attracted  to  the  more  prolific  Poolvash  and  Lower 
Limestones. 

In  the  Lower  Limestones  the  most  conspicuous  fossils  are  the 
larger  corals,  Zaphrentis,  etc. ;  Produchis  giganteits,  and  other 
brachiopods ;  and  large  cephalopods,  including  Prdecanites 
compre.^HVj^  (better  known  as  Ganmtites  Henaloim)  (Fig.  71), 
Solenocheilus,  TemnocheUKs,  etc. 

The  Poolvash  Limestone,  as  already  described,  is   in   many 

5 laces  a  mass  of  beautifully  preservea  shells,  brachiopods  pre- 
ominating  in  one  spot,  cephalopods  in  another,  while  corals 
are  comparatively  rare,  though  they  abound  in  the  dark  flaggy 
and  shaly  beds  which  surround  and  overlap  the  knolls  of  this  lime- 
stone (see  p.  214). 

The  characteristic  fossil  of  the  Poaidonomya-heds  is  the 
lamellibranch  Po»idonomya  Becheri  (Fig.  73),  but  as  Dr.  Hind 
remarks,  it  is  only  found  in  certain  bands. 

The  fossils  in  tlie  Volcanic  Ash  have  been  much  n^lected, 
and  those  at  present  known  are  not  sufficiently  numerous  to  be 

'  Mr.  Law's  collection  of  the  Manx  Carlwniferous  fossils,  especially  of 
those  of  the  Poolvavsh  Linriestone,  is  of  the  most  extensive  character. 
The  ce])halopods  and  lamellibranchs  alone  have  been  laid  under  contribu- 
tion for  the  present  list,  as  time  did  not  permit  the  examination  of  the 
whole. 
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worth  showing  in  a  separate  column  in  the  table.     Fraguients 
of  encrinite  stems  are  tne  most  common  remains ;  in  the  Cum- 


ming  collection  there  is  an   example  of  Poaidonomya  Beckeri  i 
Fig.  71.  Fig.  72. 


Mr 


a,  b,  c.     PiiAfcanitet 
Scarlet,  Idle  of  Man ;  a,  ana  ti,  aciout  %  nat.  size  ; 
(From  " BrUith  Muimrn  Cat.  Fou.  VepAalopoda,"  ft. 

Fig.  73. 


iiureMut,  J.  Sowerby,  sp.  Lower  Limentoae. 
id  b,  about  i  cat.  size  ;  c,  almut  i  nat  size, 
in.,  p.  245.) 


Pu»id'inoiit}/a  Reektri,  Ouldf.  Carboniferous  Limestone  Series.  Figured 
from  a  e[>ecimeu  in  the  Sun'ey  Collection  from  near  Baniburgb,  Nortnum-- 
berland. 

an  ashy  matrix;  and,  as  mentioned  on  p.  235,  during  our  recent 
■visit  to  the  sections  Mr.  J.  A.  Howe  found  a  dorsal  fiah-spine 
SphenacatiViua  (Ctenacanthue)  5  inches  in  length  in  the  ash  near 
low-water  mark  at  Poolvash,  and  Glyphioceraa  {Goniatitea) 
atriatum  and  Spirifem  (probably  bisidcata)  in  the  same  material 
in  the  low  cUff  at  Close  ny  Ohollagh  (see  p.  236). 


254  ThS  CARBOl^ntFEltOUS  ttod^S. 

[Postscript,  August,  1902. — Reference  has  been  made  above 
to  Cumming's  discovery  of  plant-remains  in  the  Fosidonomya 
Beds,  and  to  the  absence  of  the  original  specimens  firom  tne 
Cumming    Collection    in    the    College    Museum,    Castletown. 
We  have,  however,  been  informed  recently  by  Dr.  Wheelton 
Hind,  that  fresh  specimens  of  these  plants  have  been  obtained 
by  Mr.  D.  Tait  while  collecting  at  Poolvash  for  the '  Carboniferous 
^nes  Committee  '  of  the  British  Association.    The  specimens 
were  found  in  a  band  of  black  shale  among  the  hummocks  of 
limestone  containing  marine  fossils,  and  included  the  following 
plants: — Adiantites  Machaneki,  Stur. ;    Adiamtites  antiquus, 
Ett.;  Sphenopteris  pachyrachi8,G^f^,;  SpheTwpterispa^hjfrachis, 
var.  stenophylla,  Gopp. ;   and  Sphenopteria  allied  to  Spli.  bifida, 
L.  and  H.,  or  SpL  subgenicidata,  Stur. 

The  bed  also  contained  the  following  mollusca: — Posidonomyck 
Beclteri ;  Aviculopecten  papyraceua  ^thus  proving  the  existenea 
of  this  species  in  the  Island  and  settlmg  the  doubt  expressed  in 
a  footnote  on  p.  259) ;  Orthocerraa  morriaianv/ni ;  OHhocerassd- 
catum ;  and  Ulypldocercvs  resembling  Olyph,  creniatria  or  OUfpk 
reticidatum.] 

As  Dr.  Wheelton  Hind  is  at  present  engaged  in  a  critical 
study  of  the  British  Carboniferous  fauna,  luia  has  personally 
investigated  the  Manx  deposits  with  this  object  in  view,  he  has 
at  our  request  kindly  prepared  the  following  notes  on  the  ^nenJ 
aspect  of  the  Manx  taima  and  its  relations  with  the  Carboniferous 
faunas  of  the  mainland : — 

"  In  reviewing,  as  a  whole,  the  Carboniferous  fossils  of  the  Isle 
of  Man,  it  cannot  be  said  that  the  fstuna  is  in  any  way  local  or 
peculiar,  except  in  the  number  of  individuals  present.  One 
shell,  Allorisma  moneTisia,  Hind,  may  prove  to  occur 
only  in  the  island,  and  this  shell  does  seem  to  be  characteristic 
of  the  Lower  Limestones,  only  being  found  with  Edrrumdia 
8ulca^,Fhi\i,s^.^ndFrolecanit€S(umipre8svsJSoyr.{ 
at  Scarlet  and  Ballasalla.  The  fauna  of  the  Poolvash  Limestone 
may  be  said  to  be  identical  with  the  faimas  which  are  found  in 
the  shelly  limestones  of  the  Craven  district  of  Yorkshire,  Clitheroe, 
(Lancashire),  Castleton,  Park  Hill,  and  Thorpe  Cloud  (Derbyshire), 
and  Wetton,  Narrowdale,  and  Gateham  (Staffordshire),  though 
individuals  of  the  Cephalopoda  are  much  more  numerous  in  the 
Isle  of  Man. 

"In  my  opinion,  in  S.W.  Yorkshire,  Derbyshire,  and  Staflford- 
shire  the  lower  beds  are  rarely  exposed,  and,  consequently,  to  a 
very  large  extent  we  are  ignorant  of  any  special  founa  they  may 
contain ;  but  at  Clitheroe  the  Carboniferous  Limestone  consists  of 
a  series  of  bedded  limestones  at  the  base,  much  resembling  the 
Scarlet  and  Ballasalla  limestones  in  appearance,  and  an  upper 
series  of  obscurely  bedded,  white,  richly  tossiliferous  beds,  wnich 
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>robably  represent  the  Poolvash  beds,  and  accumulated  under 
similar  conditions.  The  fiEiuna  of  the  lower  part  of  the  limestones, 
IS  exposed  at  Kendal  Fell,  Westmoreland,  appears  to  me  to 
closely  resemble  that  of  the  Lower  Limestones  of  the  Isle  of 
Man,  and,  amongst  others,  EdirKxndUv  sulcata  and  Prolecanitea 
xmipr€88U3,  which  are  not  met  with  in  the  upper  beds  of  either 
/he  Midlands  or  the  Isle  of  Man,  are  found  there.  .  The  Knife 
3car  limestones  of  Shap  also  have  a  very  similar  iaima,  and  this 
3ed  is  supposed  to  belong  to  the  Melmerby  Scar  series,  the 
lorthem  representatives  of  the  Great  Scar  Limestone.  The 
imestones  of  the  Fumess  district  appear  to  have  a  series  of 
)edded  limestone  at  the  base,  with  massive  limestone  above,  but 
bssils  are  not  present  in  any  large  number,  but  corals  are,  as  in 
he  Isle  of  Man,  only  found  in  numbers  in  the  lower  beds,  and 
^roductus  giganteus  appears  to  have  lived  during  the  whole  of 
he  deposit  of  both  upper  and  lower  beds,  as  in  the  Isle  of  Man, 
nd  to  pass  upwards  in  the  Fumess  district  into  a  thin  band  of 
imestone  which  is  separated  from  the  main  mass  by  a  hundred 
eet  or  so  of  shales,  wnich  is  the  upper  limit  at  which  this  fossil 
►ccurs.  I  doubt  whether  Edmonaia  suLcativ  can  in  any  way  be 
laiuied  to  be  characteristic  of  the  lower  limestones,  except  that 

have  not  yet  seen  it  in  any  of  the  shelly  white  limestones 
ither  of  the  Isle  of  Man  or  north  central  England.  But  this 
hell  occurs  at,  at  least,  two  horizons  in  Wensleydale,  in 
he  shales  below  the  Hardraw  Scar,  and  in  the  Middle 
iimestone. 

"  In  the  Isle  of  Man  it  seems  impossible  to  make  out  the  exact 
elationship  of  the  shelly  limestones  to  the  well-bedded  or  Lower 
eries.  It  is  at  present  impossible  to  determine  whether  or  no 
he  isolated  masses  of  shell  limestone  were  original  local  struc- 
ures,  or  were  due  to  the  denudation  of  a  sheet,  which  was  cut 
ip  into  masses  by  exposure  to  the  usual  weathering  agents, 
r  by  exposure  on  a  foreshore,  some  slight  horizontal  move- 
fients  suDsequently  complicating  their  stratigraphical  arrange- 
ment. 

"The  Posidonomya  beds  are  of  interest,  from  the  peculiar  fossils 
bey  contain,  and  from  their  local  character. 

"  The  beds  are  found  over  a  very  small  area  only,  and  appear  to 
e  due  to  a  local  more  or  less  estuarine  pha&e  in  the  upper  part 
f  the  series  of  bedded  hmestones,  and  their  relation  to  the  white 
lielly  limestone  is  very  questionable.  All  previous  observers 
ave  considered  the  Posidonomya  beds  t'>  be  ftratigraphically 
bove  the  white  shelly  limestones,  and  to  represent  the  last  phase 
F  the  Carboniferous  aeposits  in  the  south  of  the  Island,  but  the 
>ction  at  the  black  marble  quarry  can  hardly  be  interpreted  in 
lis  way. 

"  The  fauna  of  these  beds  consists  of  flattesned  casts  of  an 
VAte  lamellibranch,  Solenomya  costeUaius,  McCoy,  which  I  have 
Iso  obtained  from  the  4  Laws  Limestone  of  Northumberland^ 
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wo  cephalopods,  Ortfioceras  sulcatum,  Flem.,  and  Discites  ml- 
atiis  (/),  Sow.,  and  the  well-known  Po»idfyn<yinya  Becheri  itself, 
also  always  flattened.  I  fancy  the  three  forms,  Pos,  Becheri,  Pos. 
lateiulis,  and  Pos,  graeillima,  Gumming,  will  turn  out  to  be  all 
one  species.  This  fossil  is  always  found  in  shale,  and  is  by 
no  means  common,  though,  when  it  does  occur,  inddviduak  are 
plentiful.  It  occurs  at  Venn,  near  Barnstaple,  in  beds  considered 
to  be  Upper  Culm,  associated  with  Orthoceraa  ;  and  some  shales 
which  have  been  baked  by  contact  with  a  volcanic  dyke  at  Biidle 
Bay,  Northumberland,  also  contain  Posidoncmiya  Becheri  in 
abundance,  associated  wi  th  Lmgu  la  «9iiami/or7}i'UJ,alamellibranch 
of  doubtfiil  genus,  Belleraphon  Urei  and  Chmietea  laguessiana. 
I  have  this  year  [1900]  obtained  Pos.  Becheri  at  three  localities 
in  S.  W.  Yorkshire,  in  shales  immediately  above  the  'massif  of 
limestone,  and  from  the  extremely  narrow  horizon  in  which  this 
species  occurs,  I  have  hope  that  its  presence  may  indicate  a 
dofinite  zone.  It  will  thus  be  noted  that  the  &una  which  occurs 
with  Pos.  Becheri  in  each  case  is  a  peculiar  one,  and  contains 
none  of  the  species  so  common  in  the  Carboniferous  Limestones. 
Von  Koenen  has  noted  the  occurrence  at  Herbom  of  the  special 
Kulm  Fauna,  which  occurs  with  Pos.  Becheri  (Neues  Jahrbuch 
ftir  Min.  Geol.  u.  Palseont,  1879,  p.  309),  and  I  am  of  opinion 
that  the  change  of  fauna  is  entirely  due  to  a  change  of  environ- 
ment, the  organisms  which  inhabited  the  clearer  sea  bottom 
being  unable  to  survive  in  the  muds  of  the  Posidonomya  shales, 
and  m  no  wary  due  to  the  dying  out  of  a  previous  fiiuna  and  the 
coming  on  of  new  types." 


List  of  Carboniferous  Limestone  Fossils  from  the  south 
OF  THE  Isle  of  Man,  based  on  material  in  the  following 
collections : — 

Misa  Birley^s  collection,  marked  b.  ;  the  labelled  specimens  in  the  CiunmiDg 
collection  (see  above),  marked  c. ;  Dr.  Wheelton  Hindis  collection,  marked  H.; 
Mr.  R.  Law's  collection,*  marked  L. ;  the  Geological  Survey  coUectioo, 
marked  s. ;  the  Cambridge  Woodwardian  Museum  collection,  marked  w. 

The  addition  of  a  ?  to  the  initial  indicates  that  doubt  exists  as  to  the 
horizon  from  which  the  fossil  was  obtained. 

The  letters  in  the  fourth  column  denote  the  authority  for  the  determina- 
tions, thus  :~D.  =  Davidson,  Monog.  Brit  Carb.  Brach.,  Pal,  Soc. ;  F.= 
Foord  4fe  Crick,  Cat.  Foss.  Cephal.  Brit.  Mus. ;  j.=  Jones,  Kirby  <&  Brady, 
Moncrg.  Carb.  Ostracoda.,  Pal.  Soc.;  H.  =  Determined  by  Dr.  Wheelton 
Hind  ;  s.  =  Determined  or  verified  by  the  Palseontological  Department  of 
the  Survey  ;  CR.  =  Determined  by  Mr.  G.  C.  Crick 


""^Mr.  Law's  collection  contains  several  examples  of  a  small  apindle- 
shaped  organism  from  the  Poolvash  Limestone  which  Dr.  W.  Hind 
thinks  is  probably  Fumlina.  Unfortunately  no  internal  structure  is 
apparent  in  the  specimens. 
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*  In  limestone  with  quartz-pebbles,  labelled  "  Ballahot."    (Gumming  coll.) 

*  The  Gumming  collection  contained  specimens  of  Atnculopecten  papy- 
raceus  and  NucvMLna  attenuata,  but  the  labels  do  not  state  the  locality,and 
Dr.  W.  Hind  informs  us  that  the  fossils  are  probably  not  Manx. 
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Gasteropoda  -continued. 
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Determined  by  Mr.  R.  B.  Newton.       ^  Brit  Pal.  Foss.  1865,  p.  567. 
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Cephalopoda—  continued. 
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*  Mr.  Law  informs  us  that  he  ol»tained  from  the  P<x>lvash  Limestone  an 
(Orthoceras  4  feet  in  length  and  29  inches  in  circumference.  This  specimen 
lay  flat  in  the  limestone  and  was  not  distorted ;  it  is  probably  an 
Actinoeerai. 
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CHAPTER  VL 
THE  PEEL   SANDSTONES. 

Historical  and  OeneraL 

These  rocks  occupy  a  strip  of  the  western  coast  about  one  and 
three  quarter  miles  in  length,  extending  from  Peel  north-west- 
wiinl  to  Will's  Strand  in  a  range  of  bold  and  picturesque  cliffs 
Averaging  50  to  60  feet  in  height.  They  consist  of  red  and 
sometmies  mottled  sandstones  with  partings  of  red  shale  and 
with  bands  of  pebbly  conglomerate  and  lenticles  of  impure 
ix)ncretionary  limestone.  Fossils  occur  sparingly  in  the 
calcareous  pKebbles  and  concretions,  consisting  principally  lof 
fragments  of  corals  in  poor  state  of  preservation,  referable  to  the 
ijenera  Amphlpora,  Heliolitea,  Favosites,  CyathophyUiimj  etc.,  all 
of  which  are  unfortunately  of  wide  range  in  time,  along  with 
items  of  encrinites  and  a  few  imperfect  shells  (see  p  276) 

Unlike  the  Carboniferous  Basement  Conglomerate  of  the  south 
of  the  Island,  the  pebbly  layers  in  the  Peel  Sandstone  contain 
little,  if  any,  matenal  derived  from  the  Manx  Slates.  A  few 
fragments  of  shale  and  ffrit  may  possibly  have  had  this  orijjin, 
but  the  majority  of  the  peobles  are  composed  of  quartz,  quartzite, 
agate,  sandstone,  limestone,  chalybite,  and  a  porphyritic  i^eous 
rock  which  cannot  be  traced  to  any  visible  source  withm  the 
Island. 

Both  eastward  and  westward  the  Sandstones  are  faulted  off 
against  the  Slates ;  and  their  inland  extension  is  hidden  by  a 
dnft,  so  that  except  in  one  localitv  they  are  not  visible  at  a 
greater  distance  tlian  one  quarter  of  a  mile  from  the  coast.  The 
exception  referred  to  occurs  one  mile  inland,  in  the  valley  of 
the  Neb  at  Glenfaba  due  south  of  Peel ;  but  the  exposure  is 
very  limited  (p.  277),  and  considerable  doubt  exists  whether  it  is 
continuous  li^neath  the  drift  with  the  main  outcrop  on  the 
coast,  or  whether,  as  Prof.  Boyd  Dawkins  believes,  it  constitutes 
\  small  separate  faulted  inlier.  For  reasons  given  on  a  later 
page  (p.  277)  the  former  hypothesis  has  been  adopted  in  the 
Survey  map. 

In  the  coast  sections  the  siindstone  is  tilted  steeply  at  an  angle 
usually  ranging  between  30'  and  50  ,  towards  points  between  rf. 
ind  N.W.  Traces  of  folding  are  visible  in  one  or  two  piaces.and 
the  finer  layers  and  calcareous  bands  are  occasionally  somewhat 
crumpled.  A  few  small  N.  and  S.  faults,  parallel  to  the  boundary 
faults,  are  revealed  in  the  cliff-section ;  and  there  are  traces  of 
3ther  fractures,  probably  also  of  limited  dimensions,  along  the 
strike  of  the  beds,  but  none  seems  to  be  of  structural  importance 
except  those  which  occur  at  the  east  and  west  boundaries. 
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The  Peel  Sandstone,  being  the  only  "  freestone  "  of  the  Island, 
is  noticed  in  all  the  old  topographical  descriptions.     Of  the 

? geological  writers,  Berger,  in  describing  its  stmtigrapliical 
eatures,  linked  it  with  the  Ck)nglomerate  of  Langness.* 
Macculloch  ffave  a  full  description  of  it  and  noted  the  occurrence 
of  '*  thin  beds  of  coarser  grit  and  breccia."  He  considered  that 
'*in  a  geological  view  it  must  rank  before  the  [Carbonifyrous] 
Limestone,"  and  suggested  that  the  calcareous  stn\tA  followin;f 
it  were  concealed  bj-  the  sea.^  Henslow  added  fiirthcr  details, 
and  showed  it  on  his  map  by  the  same  •  colour  as  the 
Conglomerate  of  Langnoss.*  In  the  geological  map  which  forms 
the  frontispiece  to  Conybeare  and  Philuj^'  "Outlines  of  the 
Geology  of  England  imd  Wales  "  (1822),  it  is  however  coloured 
and  lettered  as  "  New  Red  Sandstone,"  but  there  is  no  reference 
to  the  Isle  of  Man  in  the  text. 

Gumming  in  his  first  paper*  classified  the  Peel  rocks,  along 
with  the  Conglomerate  or  Langness,  as  Old  Red  Sandstone, 
stating  that  "  it  is  of  moderate  thickness  (not  more  than  300  feet) 
and  covers  from  one  to  two  sauare  miles."    He  remarked  that 

*  *  the  small  patch  of  limestone  wnich  once  existed on  the 

surfiice  of  tne  Old  Red  Sandstone  as  it  dips  rapidly  seaward,  has 
some  time  since  been  wrought  out,*  ana  it  is  difficult  now  to 
determine  absolutely  whether  it  belonged  to  the  mountain 
limestone,  or  was  merely  a  thin  band  of  comstone."  Among 
the  additional  information  on  the  subject  contained  in 
his  later  work  is  the  following : — "  The  iipper  portion  is  greativ 
charged  with  carbonate  of  lime,  and  effervesces  strongly  ^itli 
acids.  It  contains  characteristic  Devonian  fossils  such  as 
Favosites  polyniorpha,  though  there  is  every  probability  that 
it  passes  very  soon  into  the  lower  carboniferoiLs  series  of  the 
Island."  ®  No  further  details  are  given  in  regard  to  the  fossils, 
nor  are  the  specimens  now  to  be  found  m  the  Gumming 
collection  at  the  College  at  Castletown. 

The  occurrence  of  fossils  in  the  Peel  Sandstone  was  next  notiml 
by  Mr.  J.  [E.]  Taylor,  who  remarked  that  "the  imbedded  pebbles 
are  many  of  them  of  quartz  but  none  of  slate ;  while  these  arc 
accompanied  with  limestone  pebbles,  in  which  may  bo  seeh  fossils 
of  an  undoubtedly  Silurian  character.  I  have  many  a  time 
chipped  out  fossil  corals  and  portions  of  shells  from  these 
imbedded  pebbles  ;  and  after  a  shower  of  rain,  when  the  rocks 
are  clean,  they  may  be  observed  plentifully  strewn  a\mong  the 
fragments  forming  the  Conglomerate."  ^    From  the  size  of  these 

*  Op.  cit.,  p.  45. 

'  Op.  cit.,  pp.  535  and  547-550. 
'Op.  cit.,  pp.  493-4. 

*  Quart.  Joum.  Geol.  Soc,  vol.  ii.,  p.  320. 

*  This  is  not  quite  correct,  since  a  small  iK)rtion  of  this  limestone-band 
which  could  not  be  quarried  without  great  danger,  still  remains  overhanging 
the  sea.    (See  p.  275.) 

*  "Isle  of  Man,"  p.  200.  The  same  statements  are  repeated  in  the 
"Guide,"  p.  169. 

^  Trans.  Manchester  Geol.  Soc.,  vol.  iv.  (1864),  p.  77. 
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pebbles  Mr.  Taylor  thought  they  could  not  have  been  carried  far. 

This  statement  as  to  the  comparative  abundance  of  fossils 
wliich  are  now  quite  rare,  may  perhaps  be  explained  by  the  fact 
thiit  the  exposed  surfaces  of  conglomerate  are  of  limited  extent, 
and  weather  very  slowly;  so  that  there  may  not  have  been 
time  since  they  were  ransacked  by  the  earlier  collectors  for  a  fresh 
crop  to  appear.  Mr.  Taylor  classified  the  deposit  with  the  Langness 
Conglomerate  which  he  regarded  as  forming  "  a  sort  of  passage 
from  the  Carboniferous  downward,  rather  than  a  representative 
of  the  Devonian  formation." 

The  presence  of  fossils  in  the  conglomerate-bands  at  Peel 
was  observed  again  in  1875  bj  Mr.  J.  Snipman,  who  procured  a 
good  example  of  the  fossiliferous  limestone  fragments  from 
a  Quarry  half  a  mile  north  of  Peel.^ 

Mr.  Home  incorporated  a  description  of  the  Peel  siind- 
stone  in  his  paper  on  the  geology  of  tne  Island  published  in  1874, 
correlating  it,  along  with  the  Langness  Conglomerate,  with  the 
Calciferous  Sandstone  Series  of  Scotland.  As  doubt  has  recently 
been  thrown  on  this  correlation,  the  following  passages  in  which 
Mr.  Home  stiites  his  opinion  deserve  careful  attention,  the 
author's  personal  knowledge  of  the  Scotch,  rocks  lending  great 
weight  to  his  conclusions. 

"  Tliere  is  one  important  feature  connected  with  this  patch  of 
red  sandstones  :  it  is  the  occurrence  in  them  of  some  thin  bands 
of  cornstone,  which  strongly  resemble  the  cornstones  of  the 
Calciferous  Sandstone  series  in  Scotland.  .  .  .  Cumming 
found  in  this  cornstone  a  specimen  of  Fiivosites polmnoi'pha,  a 
Devonian  fonn,  from  which  ne  inferred  that  these  beds  are  truly 
of  Old  Red  Sandstone  age.  My  colleague,  Mr.  R.  Etheridge, 
Junior,  F.G.S.,  suggests  the  probability  of  this  specimen  being 
the  Favosites  polymaryyJta  (Pnillips),  which  is  the  eauivalent  of 
Favosites  ditbiu  of  Blainville,  a  true  Devonian  coral.^  If  this 
be  true,  then  it  only  proves  that  some  of  these  characteristic 
Devonian  forms  survived  the  close  of  the  Old  Red  Sandstone 
period,  and  flourished  in  Lower  Carboniferous  times."     .     .     . 

'*  From  these  data  it  is  highly  probable  that  the  red  s^md- 
stones,  cornstones,  and  brecciated  conglomerates  in  the  Isle 
belong  to  the  Calciferous  Sandstone  series.  Lithologically,  they 
resenible  the  members  of  the  same  series  in  Scotland. 
.  .  .  Not  mote  than  40  miles  off,  on  the  Kircudbrightshire 
coast,  there  are  beds  belonging  to  this  series  which  are  m  many 
respects  identical  with  most  of  the  Manx  sandstones  and 
breccias."^ 

No  further  additions  were  made  to  our  knowledge  of  the 
deposits  until  1894,  when  Prof  W.  Boyd  Dawkins  published  an 

^  Referred  to  in  report  of  lecture  to  Nottingham  Naturalists  Society 
publishwl  in  a  local  Nottingham  paper  in  1876.  Mr.  Shipman  has  kindly 
pennitted  us  to  examine  the  specimen  (see  fossil  list  p.  276). 

»  See  Edwards  and  Haine,  "British  Fossil  Corals,"  1860,  p.  216. 

3  Trans.  Edinburgh  Geol.  Soc.,  vol.  ii.,  part  iii.,  pp.  7-8. 
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important  paper  on  the  subject,  in  which  he  gave  fuller  details 
respecting  the  succession  and  thickness  of  the  series  than  had 
hitnerto  been  attempted,  and  claimed  that  they  were  of  Permian 
age.^  In  later  papers  he  re-affirmed  his  opmions,  and  stated 
tliat  he  had  also  recognised  part  of  the  series  in  a  deep  boring 
in  the  north  of  the  Island.  It  will  be  shown,  however,  in  the 
following  pages  that  these  views  as  to  the  age  of  the  deposits 
Ciin  scarcely  be  considered  proven ;  but  before  entering  further 
into  the  discussion,  it  will  be  desirable  to  extract  from  tne  above- 
mentioned  papers,  the  chief  points  of  Prof.  Dawkins'  argiiment 
In  his  first  paper  on  the  subject,  Prof.  Dawkins  states  fliat  the 
Red  Sandstone  series  of  Peel  is  1,368  feet  in  thickness,-  and 
consists  of  the  following  divisions,  in  ascending  order. 

1.  The  Red  Sandstones  forminjj  the  headhind  of  Creg  Malin, 
at  the  biise  of  the  series.  "  Their  thickness  is  about  426  feet, 
calculated  in  the  line  of  the  dip  as  &r  as  the  southern  end  of 
Ti-jiie  Fogog." 

2.  Reddish  grey  sandstones  and  irregular  conglomerates,  in 
the  clitis  of  Traie  Fogog,  with  a  thickness  of  385  feet. 

3.  Brighter-coloured  red  sandstones  and  irregular  red  con- 
glomerates, with  sub-ordinate  layers  of  red  marl;  102  feet 
thick. 

4.  The  calciireous  conjjlomerates  and  breccias  of  the  Stack 
series,  about  455  feet  thick,  showing  the  followmg  sequence  in 
the  Ciist  end  of  Traie  Fogog. 

'*  ((t)  Conglomerate  composed  of  limestone  pebbles  embedded 
in  a  red  sandy  niagnesian  paste,  about  10  feet. 

*'  {h)  Bright  red  marls  vnth  grey  spots  and  grey  calcareous 
concretions,  about  10  feet  6  inches. 

'*  (f)  Red  siindstone,  faulted  and  slickensided,  4  feet  6  inches. 

*'  {<()  Conglomenite  of  the  same  chanicter  as  (a),  about  5 
feet. 

''{p)  Red  simdy  marl  mottled  grey,  iibout  12  feet. 

"  (/)  Irregular  layer  of  dolomitized  limestone  about  18  inches 
thick,  with  irregular  calcareous  concretions  and  con- 
glomerate with  red  sandstone,  8  feet. 

"  ((/)  Bright  red  sandstone  and  calcareous  conglomerates,  and 

concretions  of  dolomite  embedded  in  red  paste,  more 

than  20  feet  in  thickness. 

"  The  conglomerates  are  composed  of  pebbles  of  hematite,  marl, 

sandstone,  jasper,  cornelians,  and  amygdaloidal  basic  rock  con- 

*  Trans.  Manchester,  Geol.  Soc.,  pt.  xxi.,  vol.  xxii.,  pp.  1-7  ;  also  Rep. 
British  Assoc,  for  1894,  p.  776. 

^  These  measurements  seem  to  be  based  upon  calculations  of  the  angle 
of  dip  and  extent  of  visible  outcrop ;  but  as  the  base  of  the  series  is 
not  seen,  and  the  structure  is  less  simple  than  at  first  appears,  it  may  be 
doubted  whether  results  obtained  by  the  method  are  reliable.  It  will  be 
noted  that  Gumming  considered  the  total  thickness  to  be  "  not  more  than 
300  feet,'*  but  this  must  be  an  under-estimate  (sec  p.  271). 
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taining  chalcedony,  and  of  carboniferous  limestone.  This  last 
is  more  or  less  dolomitized,  and  presents  traces  of  corals  and 
shells  Euomphaliis  ?,  Spirifer  ?,  Ortnis  ?  or  Strophomena  ?.  The 
pebbles  are  imbedded  sometimes  in  a  bright  red  magnesian  paste, 
and  at  others  in  a  white  calcareous  base,  i  he  conglomerates  are  in 
places  replaced  by  breccias  of  angular  fragments.  There  are 
also  dolomitic  concretions  which  nave  been  formed  in  a  red 
sandy  base,  and  are  locally  developed  into  irregular  and  highly- 
jointed  layers  of  limestone,  cunously  acid-worn  and  honey- 
combed. This  may  be  studied  at  the  north-east  end  of  Traie 
Fogojj  and  in  the  Stack.  The  whole  series  is  so  irregular  in  its 
constitution  that  it  is  almost  impossible  to  define  the  sub- 
divisions. It  agrees  exactly  with  that  so  well  described  by  Prof. 
Sedgwick  at  Barrow  Mouth,  near  St.  Bees."        .... 

"  Tlie  Evidence  as  to  Permmn  Age} 

"  These  rocks  may  be  divided  mto  two  distinct  groups.  First 
the  Peel  Sandstone  series,  which  includes  Nos.  1,  2  and  3  of  the 
section,  and  presents  a  thickness  of  913,  and  the  calcareous 
conglomerates  of  the  Stack  series,  which  are  455,  together  a  total 
of  1,368  feet.  Their  true  base  is  concealed.  The  pebbles  of 
Carboniferous  Limestone  in  the  conglomerates  point  to  a  post- 
carboniferous  age,  and  the  physical  characters  of  both  divisions 
are  identical  with  those  of  the  Permian  rocks  of  the  north  of 
England,  and  more  particularly  with  those  of  the  Lake  District, 
of  the  Vale  of  Eden,  and  Barrow  Mouth,  described  by  Sedgwick, 
Harkness,  Binney,  Eccles,  and  Nicholson. 

'*The  Peel  Sandstones  are  the  equivalents  of  the  Rot-todt- 
li^ende  of  the  Continent  and  the  Lower  Permian  Sandstones  of 
St.  Bees'  Head  and  the  Vale  of  Eden.  The  Stack  Conglomerates 
and  Breccias  represent  the  base  of  the  Magnesian  Limestone 
series  of  the  Upper  Permians  and  the  upper  (rotten)  *  Brockram,' 
or  conglomerate,  of  Mr.  Binney.  The  tnickness  of  the  Permian 
rocks  of  the  Isle  of  Man  is  more  than  1,368  feet.  In  Hilton 
Beck,  in  the  Vale  of  Eden,  it  is  more  than  2,000,  according  to 
Nicholson. 

"The  presence  of  the  calcareous  rocks  of  the  Stack  series 
resting  upon  the  thick  Peel  sandstones  renders  it  impossible  to 
classic  the  series  with  the  Triassic  strata,  in  which  the  con- 
glomerates  are  below  and  the  sandstones  above.  The  Permians 
of  CiJtm,  on  the  south  side  of  Belfast  Lough,  described  by 
Binney,  present  a  similar  relation  of  the  conglomerate  to  the 
Rot-todt-liegende.  It  is  therefore  clear  that  north-eastern 
Ireland,  the  northern  part  of  the  Isle  of  Man,  and  the  area  of  the 
Lake  District  including  the  Vale  of  Eden,  were  parts  of  the  same 
Permian  marine  basin,  in  which,  as  it  approached  southern 
Lancashire,  the  waters  gradually  were  more  nighly  charged  with 
mud,  the  calcareous  element  being  conspicuous  in  the  one,  and 
being  replaced  in  the  other  by  thick  accumulations  of  marl." 

^  This  paragraph  is  quoted  in  full. 
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The  same  paper  contained  an  account  of  the  discovery 
Triassic  rocks  in  the  deep  bormgs  in  the  north  of  the  Ismnca^ 
a  discovery  which   no  doubt  had  considerable  influence  u 
Prof.  Dawmns*  opinion  as  to  the  age  of  the  Peel  rocks. 

In  a  paper  in  the  following  year,  Prof  Dawkins  gave  ftirth-  ^^ 
details  of  the  boring  at  Ballawhane  (which  had  in  the  interv^^ 
been  carried  through  the  Triassic  Rpcks),  and  stated  that  it  h_ 
revealed  the  Triassic  Sandstone,  equivalent  to  the  St.  Be^^^ 
Sandstone  of  Cumberland,  resting  unconformably  on  Penn^^ 
rocks  of  the  Stack  Series  which  were  faulted  off  downwa^^w^ 
against  Carboniferous  Limestone.^ 

His  reading  of  the  Ballawhane  section  was  as  follows : — 
"  Boulder  Drift  sands,  gravels,  and  clays  -     171  ft. 
Triassic  Sandstone,  r^  and  grey   -        -     373  „      2  in. 
Permian  Marls  and  Sandstones  of  the 

SUck  Series 136 

Carboniferous  Limestone,  grey  and  red, 

with  crinoids  -         -         -        -      37  „    10  „ 

"  In  this  section  the  Triassic  Sandstone  cores  prove  a  dip  of  10^ 
while  the  Stack  Series  below  have  a  dip  of  from  30*^  to  40°.  The 
absence  of  the  Peel  Sandstones  proves  that  the  Permians  are 
faulted  against  the  Carboniferous  Limestones.  The  Triassic 
Sandstone  probably  belongs  to  the  Lower  or  Bunter  Series." 
(Rep.  Brit.  Assoc.) 

Ii  this  interpretation  of  the  Ballawhane  section   had  been 
correct,  it  would,  of  course,  have  gone  far  towards  establishing 
'the  Permian  age  of  the  Peel  rocks.     But,  on  behalf  of  the  Geolo- 
gical Survey,  ihad  made  a  careful  examination  of  the  cores  while 
the  boring  was  in  progress,  and   had  secured  a  set  of  specimens, 
now  preserved  at  the  head-office  of  the  Survey,  which  afforded 
clear  evidence  of  the  Lower  Carboniferous  age  of  the  supposed 
Permian  rocks ;  and  I  am  permitted  by  Prof.  Dawkins  to  state 
that  after  a  receni  inspection  of  these  specimens  he  no  longer 
regards  the  strata  between  544  and  680  feet  as  Permian,  but 
agrees  with  me  that  they  fonn  part  of  the  Lower  Carboniferous 
series.     There  is,  indeed,  little  or  no  resemblance  between  any 
of  the  rocks  of  this  boring  or  of  the  other  borings  and  the  Peel 
strata,  so  that  no  direct  correlation  is  possible  between  them. 

It  follows  that  the  deductions  which  Prof  Dawkins  has 
drawn  from  the  supposed  break  between  the  Permian  and 
Trias'  in  this  section,  are  untenable  so  far  as  concerns  the  Isle 
of  Man. 


*  Trans.  Manchester  Geo!.  See.,  pt.  vi.,  vol.  zxiii.,  p.  147 ;  and  Report 
British  Assoc,  for  1896,  p.  777. 

***  The  Permians  had  been  lifted  up  ab6ve  the  sea  and  worn  down  into  a 
marine  floor,  composed  of  highly  inclined  strata  before  the  Triassic  age. 
On  this  floor  the  Triassic  Sandstone  was  accumulated.  This  point,  so 
cloarl^  proved  in  the  section,  is  the  clue  by  which  the  Permian  and 
Trisussic  geology  of  the  Lake  District,  now  so  inadequately  represented  in 
the  maps  of  the  Geological  Survey,  may  be  unravelled.'*  TraMs.  Manch. 
Geol.  Boc,  pt.  vi.,  vol.  xxiii.,  p.  162. 
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Although  no  rocks  directly  comparable  to  the  Peel  Series  have 
been  reacned  in  any  of  the  borings,  probably  because  the  eqiii- 
ralents  of  the  series  he  deeper  than  the  lowest  strata  touched,  the 
sections  afford  two  strong  arguments  against  the  Permian  a^e 
>f  the  Peel  Series.  In  the  first  place,  in  two  of  the  borings  the 
New  Red  rocks,  from  the  St.  Bees  Sandstone  downwards  to  their 
oase,  were  passed  through  in  normal  sequence  and  included 
inie  "  Permian  "  strata,  resembling  those  of  the  opposite  mainland 
)ut  differing  both  in  lithological  features  and  in  stratigraphical 
arrangement  from  the  Peel  Series.  And  secondly,  in  three  of 
;he  borings  the  Carboniferous  Limestone  series  was  found  to 
nclude  much  sandstone,  usually  red  in  colour,  which,  though 
lot  indeed  particularly  resembling  the  Peel  Sandstone,  at  any 
"ate  shows  tnat  the  conditions  in  the  basin  of  deposition  were 
avourable  for  the  production  of  arenaceous  rocks  in  Lower 
]!arboniferous  times.  All  these  Carboniferous  strata,  moreover, 
)ossessed  the  high  dip  of  the  Peel  rocks,  while  the  overlying 
^ew  Red  group  mvanably  lay  unconformably  upon  them  at  a 
ow  angle  (see  p.  291). 

Thus  the  evidence  ol  the  borings  goes  far  to  disprove  Prof, 
^wkins'  contention.  The  other  grounds  on  which  he  has 
ested  his  argument  are  (1)  that  "  the  physical  characters  .  .  . 
tre  identical  with  those  of  the  Permian  rocks  of  the 
lorth  of  England,  and  more'  particularly  with  those  of  the  Lake 
)i8trict,  of  the  Vale  of  Eden,  and  Barrow  Mouth  ";  and  (2)  that 
^bbles  of  "Carboniferous  Limestone"  occur  in  the  conglomerates. 

With  regard  to  the  first  point,  which  refers  to  the  general 
ithological  aspect  of  the  series,  it  has  already  been  noted  that 
Ir.  Home  considered  that  these  rocks  bore  a  close  resemblance 

0  the  Lower  Carboniferous  (Calciferous  Sandstone)  series  of 
he  Kircudbrightshire  coast;  and  the  supposed  Permian 
spect  has  likewise  failed  to  impress  several  other  observers 
onversant  with  New  Red  rocks.  From  my  own  examination  of 
he  coast  -  section  at  Barrowmouth  south  of  Wliitehaven, 
eferred  to  by  Prof  Dawkins,  I  can  bear  testimony  to  the 
lose  resemblance  of  the  "Permian"  Brockram-conglomerato 
here  with  that  revealed  in  the  deep  borings  at  Knock-e-Dooney 
nd  Ballagenney,  but  failed  to  detect  any  resemblance  with  the 
*eel  Series ;  and  the  same  result  attenaed  my  investigation  of 
aland  sections  of  Permian  rocks  in  the  Eden  Valley. 

The  second  argument  is  one  on  which  Prof  iJawkins  lays 
luch  stress.  It  may  be  granted  that  some  of  the  pebbles  of 
mestone  which  occur  sparingly  in  the  conglomeratic  bands  at 
*eel  may  be  of  "  Carboniferous  Limestone,"  thousrh  the  evidence 

1  still  unsatisfactory.  In  Prof  Dawkins'  paperlt  is  mentioned 
bat  they  contain  "  traces  of  corals  and  snells,  Euomphalus  ?, 
pirifer  ?,  Orthis  ?,  or  Strophomena  ?"  Since  his  paper  was 
ublished,  Prof  Dawkins  nas  collected  further  specimens 
'hich  he  has  kindly  allowed  me  to  examine.  These  include 
idividuals  of  a  small  finely  ribbed  Chonetes  identified  by  Prot 
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Dawkins  as  Ghoiietea  Btichiana,  and  portions  of  a  small  trilobite 
supposed  to  be  of  Carboniferous  age.  My  own  collection  from 
the  calcareous  and  conglomeratic  beds  at  Lhoob  y  Reeast  includes 
some  determinable  corals  of  wide  range  in  time  and  some 
indirterently  preserved  shells,  which  point  to  an  Upper  Devonian 
or  Lower  Carboniferous  origin ;  but  these  are  contained  in  a 
somewhat  gritty  calcareous  matrix  of  concretionary  character 
and  may,  I  think,  be  contemporaneous.  Their  whole  fiicies  is 
ver^  different  from  the  fossils  of  any  Carboniferous  Limestone 
which  is  known  to  occur  in  the  Island  (see  p.  276).  In  the 
sections  a  little  farther  south  there  are  isolated  pebbles  of 
encrinitiil  limestone  in  beds  which  are  not  markedly  calcareous; 
with  these  are  associated  fragments  of  soft  rod  shale  and  sand- 
stone such  as  might  have  been  derived  from  any  of  the  shaly 
and  sandy  beds  of  the  Peel  Series,  which  I  am  inclined  to  regard 
as  evidence  of  contemporaneous  erosion  of  slightly  older  beds, 
already  partially  consolidated,  while  the  newer  becfc  were  being 
deposited  ;  and  the  same  explanation  will,  I  think,  hold  good  for 
the  limestone  pebbles. 

Cumming  suggests  that  these  rocks  were  accumulated  as  a  shore 
deposit  of  the  Lower  Carboniferous  sea,  while  limestone  was 
beuig  formed  at  a  slightly  greater  distance  from  the  land;  and 
under  such  conditions  the  presence  of  fragments  of  the  calcareous 
rock,  even  if  these  are  proved  beyond  question  to  contain  Lower 
Carboniferous    fossils,    does    not  necessarily  signify  the   Post- 
Carboniferous  age  of  the  series.     Conglomerates  made  up  largely 
or  wholly  of  fragments  of  the  same  general  age  as  the  peobly  bed 
have  now  been  recognised  at  various  horizons  throughout  the 
geological   scale,  being  perhaps   commonest  among  calcareous 
sediments  and  stiff   coherent    clays,   which    soon    consoUdate 
sufficiently  to  undergo  short  transportal.    The  term  "  Intra-forma- 
tional   Conglomerate^"   has    been  applied   to  breccias    of  this 
character  by  American  geologists.      The  shore-breccia  sometunes 
surrounding  coral  reefs  might  be  cited  as  a  modem  illustration 
of  the  structure. 

For  an  analogous  example  of  an  admixture  of  "  contempor- 
aneous" pebbles  with  others  of  older  date,  attention  may  be 
directed  to  the  conglomerate  of  Lower  Carboniferous  a^e, 
interbedded  with  limestones  and  shales,  which  is  exposed  on  the 
opposite  joast  of  the  Irish  Sea,  at  Rush,  co.  Dublin,  wherein 
blocks  and  pebbles  of  limestone  belonging  to  tne  Carboniferous 
series  are  mingled  with  fragments  derived  from  Silurian  and 
other  sources.'  In  the  Lower  Carboniferous  rocks  of  Anglesey, 
also,  pebbles  of  Carboniferous  limestone  occur  in  sandstone 
interbedded     with    the    limestone-^;    and    in    Derbyshire  and 

*  See    C.  D.  Walcott,    "Palaeozoic   Intra-formational  Conglomerates,^ 
Bull.  Geo).  See.  Anferica,  vol.  v.  (1894),  pp.  191-198. 
^  See  Mdm.  Geol.  Survey  of  Ireland  on  Sheets  102  and  112,  pp.  61  et  seq, 
^  E.  Greenly,  Quart.  Journ.  Geol  Soc.,  vol  Hi.  (1896),  p.  629. 
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Staffordshire   a  "  beach-deposit "  of  rolled  shells  and  limestone 
fragments  forms  part  of  the  Carboniferous  Limestone  series.^ 

One  of  the  strongest  points  in  the  argument  against  the 
Permian  Sige  of  the  Peel  rocks  is  that  the  true  Permian  breccia  or 
"  Brockram  "  found  at  the  base  of  the  Red  Rocks,  and  in  no 
other  part  of  the  series,  in  two  of  the  northern  borings 
had  nothing  in  common  with  the  Peel  conglomerates  (sec 
pp.  285, 288).  It  contained  fragments  of  undoubt^  Carboniferous 
Lunestone  in  abundance,  both  large  and  small,  thoroughly 
dolomitized  on  the  exterior  and  often  partially  hollow  in  the 
interior,  like  the  limestone  inclusions  in  the  Permian  bro3kram 
of  the  mainland,  but  quite  unlike  the  Peel  pebbles  which  are 
alwc^  solid,  homy  in  texture,  and  only  slightly  dolomitic ;  and 
the  other  materials  of  this  brockram  were  also  totally  unlike  the 
assemblage  of  pebbles  of  the  Peel  conglomerates.  Ofher  data 
bearing  on  this  question  will  be  found  in  the  subsequent 
descriptions,  and  in  the  next  chapter  dealing  with  the  concealed 
strata  of  the  northern  plain.  Meanwhile  I  think  that  sufficient 
evidence  has  already  been  adduced  to  show  that  the  Permian 
age  of  the  Peel  Sandstones  has  not  been  proven  and  that  they 
are  probably  not  newer  than  Lower  Carboniferous. 

With  regard  to  the  thickness  of  the  series,  there  must 
necessarily  be  much  uncertainty,  in  view  of  the  lack  of  more 
definite  information  as  to  the  base  and  the  inland  extent  of  the 
rocks.  The  continuously  high  dip  of  the  rocks  in  the  coast  sec- 
tions shows  that  the  thickness  must  be  considerable ;  but  the 
many  small  faults  and  the  decrease  in  the  angle  of  dip  which 
may  be  observed  in  the  exposures  most  remote  from  the  clifi 
lead  me  to  think  that  Prof  Dawkins'  estimate  of  1,368  feet /l>7* 
the  beds  actually  seen  in  the  coast-sir ij)  is  excessive,  though  if 
the  series  extend  so  far  inland  as  I  have  supposed  its  aggregate 
thickness,  including  the  concealed  portion,  may  possibly  be  as 
much  as  this  or  even  more.  Cumming's  valuation  of  "  about 
300  feet  **^  is  in  any  case  too  low.  In  the  eastward  or  inland 
prolongation  it  is  unlikely  that  the  steep  dip  of  the  coast-sections 
will  be  retained,  unless  accompanied  by  folding  or  overthrusting. 
That  the  series  everywhere  rests  directly  upon  the  Manx  Slates 
is  almost  certain ;  but  the  character  of  the  junction  has  not  been 
proved.  When  we  remember  the  many  signs  of  lateral  disturb- 
ance in  the  Carboniferous  rocks  of  the  southern  basin,  and  m 
those  of  the  same  age  which  underlie  the  northern  plain,  the 
possibility  that  the  Peel  series  may  have  been  pushed  forward 
upon  the  slopes  of  the  old  massif,  and  may  have  an  overthrust 
plane  at  its  base,  deserves  consideration,  especially  as  the  rocks 
themselves  in  places  bear  traces  of  compression  and  crumpling 
In  fact  the  more  closely  one  studies  the  stratigraphy  of  the 

'  J.  Baraes  and  W.  F.  Holroyd,  Trans.  Manch.  Geol.  Soc.,  vol.  xxv. 
(1897),  pp.  119-125 :  and  ihid.,  pp.  lSl-184,  and  p.  308.  See  also  H.  H. 
A.  Bemrose.  Proc.  Geol.  Assoc.,  vol.  xvi.  (1899X  pt.  4,  p.  174, 

*  "  Isle  of  Man,"  p.  240. 
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Isknt]  the  more  strongly  does  one  become  impreasod  with  llie 
idea  that  lateral  movement  at  different  stages  has  been  the 
dominant  factor  in  the  arrangement  of  the  strata, — first  crump- 
ling up  the  older  rocks  mto  a  central  ridge  or  massif,  and  long 
afterwanls  driving  in  the  Carboniferous  deposits  upon  the  mow 
or  less  rigid  core.  We  have  already  seen  that  the  later  of  these 
movements  took  place  after  the  deposition  of  the  Lower  Carboni- 
foroiis  rocks  but  before  the  accumiUation  of  the  New  Red  rocb 
of  the  northern  plain,  which  are  practically  undisturbed.  Hence 
the  evi<lonco  of  disturbance  in  the  Feel  Series  affords  another 
argument  in  favour  of  the  Pre-Permian  a^  of  these  rocks  (see 
also  p.  201). 

Detailed  Description. 

Tho  boundary  fault  which  brinKH  in  the  Peel  Sandstones  on  the  eut  ii 
ciciirly  exhibited  at  Will'a  Strand  (six  inch,  Sheet  6).    In  the  cliff  at  th; 

Fk:.    74.     Section  of  crumpled  beddinff    in    calcareous 
sandstone,  on  beach  at  north  side  qf  White  Strand. 
Depth  S  feet. 


Kftuth  side  of  tliLs  reccs8,  rather  tliickl)'  bedded  red  sandxtone  of  fine  grain, 
witli  marly  iiartings,  is  let  don-n  a^itktt  cntnhed  slate  by  a  dislocatinn 
whicli  hatfeH  townrdx  tlie  went  at  about  70°.  Heavy  niips  of  drift  obecnn 
tile  clilf  to  the  noithward,  but  the  fault  inay  lie  traced  at  low  water  aeroM 
the  xliore,  Htriking  a  few  degreefl  west  of  north.  Towards  low  tide  the  hada 
uf  tho  fault  becomes  much  less  steep  and  Buggejtts  an  overthrust,  being  in 
places  as  low  as  30°.  The  criwhed  and  stained  red  and  fn^icuiBh  alate  u> 
at  this  place  the  appearance  of  passiu);  beneath  the  sandstoDo,  and  thii 
appearance  is  prolmbly  the  basis  of  C'umniing'a  statement  that  "ne« 
Lhcrgydhoo  the  Old  Red  Conglomerate  or  Sandstone  is  seea  to  nrt 
unconformably  on  the  upturned  edges  of  the  claret-coloured  schists.'^ 
The  dip  cf  the  sandstone  is  steeply  (40°  to  60°)  to  N.N.W.  or  nearly  in  the 
direction  of  strike  of  tho  fault. 

In  the  headland  to  the  southward  of  Will's  Strand,  the  aandstonea  an 
considerably  disturbed,  and  there  seems  to  have  been  some  lateral 
movement  along  a  sharply  defined  plane  at  the  foot  of  the  cliff.  Between 
this  place  and  White  Strand,  400  yards  farther  south,  some  pebbly  aad 

>Ouide  Book,  p.  113, 


Dftails  of  thk  Coabt-Section.  273 

cftlcareoos  bands  make  their  appearance,  which  Prof.  Dawkins  recognises 
an  belonnng  to  his  "  Stack  Series."  The  distinction  between  this  aeries 
and  the  "1^1  Sandstones  "  of  the  same  autlior  is,  however,  ill  defined,  the 
field-«vidence  su^^tins  that  the  calcareous  and  conglomeratic  bands  arc 
in  this  quarter  more  or  less  lenticular,  and  irregularly  dispersed  among  the 
nodstonea.  There  is  nothing  in  these  sections  comparable  to  the  thick 
cornstone  of  Lhoob-7-Reeast  presently  to  be  described.  The  curious  and 
niKgestive  structure  of  some  of  the  thin  calcareous  layers  among  the  red  shaly 
MOB  aa  shown  in  the  foregoing  figure  (Fig.  74)  implies  that  there  has  been 
greater  disturbances  in  these  strata  than  one  would  susnect  from  a  cursory 
examination,  and  raises  the  suspicion  that  some  of  tne  calcareous  beds 
which  are  now  lenticular  or  nodular  may  originally  have  occurred  as 
conUnaoDs  bands 

Besides  the  above-mentioned  nodalar  or  lenticular  calcareous  seams 
there  are,  in  this  quarter,  trae  pebbly  layers  cobtaining,  alon^  with 
fngment«  of  chalybite,  agate  and  other  rocks,  a  few  pieces  of  impure 

Fig.  75.     Cliff-section  in  Peel  Sandstone  at  north  side  of 
White  Strand.     Height  about  20/eet. 


1.  Courses  of  red  sandstone,  showing  curious  swellings  on  under  surface 
ID  trough  of  fold.    Diagr&mmatically  rendered, 
S.  Shale  panjngs. 
F.  Fault  1,  with  crushed  rock  in  vicinity 

limestone,  in  one  of  which  encrinite-stems  were  embedded ;  and  in  another ' 
instance  a  sinele  detached  ossicle  of  the  same  fossil  was  seen  in  the  pebbly 
tNud.  As  at  Oioob-y-Beeast,  these  bits  of  limestone  occasionally  show  faint 
indications  of  coral  structure. 

In  the  bluff  at  the  northern  extremity  of  White  Strand  a  sharp  synclinal 
plication  is  revealed,  which  produces  a  striking  effect  upon  a  two-feet  bed 
of  sandstone  overlying  a  few  inches  of  shale,  the  under  surface  of  the 
sandstone  in  the  trough  of  the  fold  being  rucked  up,  as  roughly  shown  in 
Figure  75,  into  a  pillowy  structure  or  "  knobby-side,"  like  that  on  a 
largK"  scale  already  described  in  the  Manx  Slates  (see  p.  75). 

On  the  shore  at  high-water  mark  in  this  locality,  some  thin  calcareous 
ahaly  layers  which  intervene  between  rather  thick-bedded  sandstones  above 
and  pebbly  cialcareous  strata  below,  are  crumpled,  partially  brecciated, 
and  cut  by  two  parallel  planes  along  which  there  ap^iears  to  have  been  a 
certain  degree  of  lateral  displacement  Similar  indications  of  pressure  and 
disturbance  are  repeated  in  the  sections  farther  south  ;  and  I  regard  them 
as  affording  indirect  evidence  of  the  age  of  the  series,  since  in  the  deep 
borings  in  the  north  wherever  the  Lower  Carboniferous  rocks  were  j  ierced 
3191  H 
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they  showed  signs  of  similar  or  greater  disturbance,  while  in  the  overlying 
Triassic  and  Permian  strata  such  indications  were  absent. 

In  the  middle  of  White  Strand  the  red  sandstones  dip  towards  N.  or 
N.  10  E.,  at  from  15"  to  25" ;  but  in  the  headland  to  the  southward  they  are 
interrupted  by  two  or  three  fault-like  breaks,  striking  approximately  N.  to 
N.N.W.,  possil>ly  with  a  westerly  downthrow,  beyoncf  which  the  dips 
change  to  X.N.W.  or  X.W.  Along  one  of  these  fractures  a  short  adit  has 
been  driven  into  the  cliff.  Similar  and  parallel  fractures  recur  at  intervaU 
throuifhout  the  range  of  the  sections,  but  none  seemed  individually  of  Buffi- 
i-ient  imjjortance  to  be  worth  showing  on  the  published  man.  Their 
cumulative  effect  may,  however,  be  of  some  consequence ;  and  tney  must 
iu  any  case  render  difficult  and  uncertain  the  calculation  of  the  thickness 
of  the  rocks  from  the  dip  and  width  of  outcrop  (see  foot-note  p.  266). 

Between  >Vhite  Strand  and  Com  Strooan  (the  more  southerly  of  the  two 
little  streams  draining  to  the  coast  quarter  of  a  mile  farther  south),  the  cliffs 
and  foreshore  are  occupied  bv  fine  red  or  mottled  sandstones  in  thickiah 
IkxIs,  with  shaly  partings  and  a  few  thin  lenticular  bands  of  conglomerate. 
The  sandstones  are  sometimes  cross-bedded,  and  sometimes  possess  ripple 
niarlrpd  siu*faces.  The  mottling  seems  to  be  due  to  the  semi-concretioniry 
segregation  of  the  small  quantity  of  lime  contained  in  the  rock   In 

Fig.  76.     Strmture  in  Peel  Sandstone  at  foot  of  clij 
below  quarry  on  south  side  of  Caiii's  Strand, 


Two  beds  of  red  sandstone,  4  feet  thick,  with  yellow  concretions  tending  in 
the  lower  bed  to  a  linear  arrangement  both  horizontally  and  vertically. 

places  the  structure  presents  a  curious  reticulate  arrangement  of  intersecting 
]>lanes,  as  shown  in  the  above  figure  (Fig.  76X  giving  rise  on  weathering  to 
the  "  honey-comb  "  appearance  commented  on  by  Prof.  Dawkins. 

At  CaivLS  Strand  uiQ  sandstone  has  been  quarried  in  the  cliff.  The  deep 
ravine  which  extends  backward  from  this  place  to  the  highroad,  a  quarter 
of  a  mile  to  the  east,  seems  to  be  cut  entirely  in  drift,  the  present  stream 
evidently  following  the  course  of  a  pre-glacial  drift-fillwi  hollow.  But 
Cass  Strooan,  150  vards  farther  south,  reveals  the  sandstone  for  at  least 
250  yards  backward  from  the  cliff ;  and  in  this  valley  a  shaft  has  been 
sunk  in  search  of  coal  in  the  sandstone  150  yards  from  the  shore  (see 
p.  279).  To  the  eastward  of  the  highroad  the  last-mentioned  stream 
occupies  a  shallow  trench  obscured  by  alluvium ;  but  at  one  place,  290 
yards  south-east  of  the  road,  it  exposes  traces  of  red  rubblv  material 
which  may  be  either  the  weathered  top  of  the  sandstone,  or  a  local  drift 
derived  from  it. 

On  the  ccast  S.W.  of  Com  Strooan  we  find  thinly-bedded  lenticular 
sandstone  with  calcareous  concretions  and  partings  of  red  shale,  for  the 
mast  part  dipping  at  about  40'  towards  N.W.,  the  dip  slopes,  undercut  by 
the  sea,  forming  a  somewhat  treachci-uus  clifi*.  At  Lhooff  y  Jxeeasi  (6-inch, 
Sheet  9),  4u0  yards  £.  of  The  Stack,  a  jutting  forward  of  the  ooast-line 
brings  in  fossuiferous  calcareous  strata  overlying  shaly  sandstones ;  and 
near  this  place  is  the  section  which  is  b}r  far  the  best  for  foeailB  in  the 
whole  range  of  exposures.  The  old  lime-kiln  mentioned  by  Gumming  stlU 
exists  at  the  to))  of  the  cliff  in  the  little  recess  200  yards  W.  of  Lhoob 
y  Reeast.  Immediately  below  it  are  dip-slopes  of  pebbly  calcareoiLo  grit, 
and  this  was  originally  overlain  by  a  band  of  limestoney  niiick  bM  been 
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stripped  off  to  supply  the  kiln  except  at  one  tipot  overhaaging  the  sea., 
where  further  operations  would  have  been  dangeroiw,  A  rough  chemical 
examination  of  specimens  of  this  limestone  and  of  the  "pebbles"  or 
concretions  in  the  conglomeratic  beds  associated  with  it,  was  made  by 
my  colleague  Dr.  Pollard,  and  showed  that  they  consisted  esspntially  of 
carbonate  of  lime  with  only  a  little  ma^esia.  It  is  on  the-ne  slopes  that 
the  fossils  may  be  obtained,  and  though  the  surfaces  are  uncomfortably 
steep  they  are  not  dangerous  to  anyone  accustonied  to  cliffs.  The  follow- 
ing figure  shows  the  section  at  this  place. 

Fig.  77.     Clif-section  below  ths  old  lime-kiln  200 
west  o/  Lkoob  y  Reeast  near  Peel. 


9.    Pale  Dodular  gritty  limestone  ;  nearly  all  quarried 

away thickness  3  feet 

8.  Lenticular  pebbljr  comstone  with  palish  red  lime- 
stone concretions         - li    » 

7.     Sandy  and  gravelly  band^  with  calcareous  cement  and 

small  ftagments  of  limestone :  some  corals         -  3    „ 

6.  Lenticular  patches  of  coarse  and  fine  subangular 
conglomerate  with  limestone  pebbles,  and  also 
calcareous  concretions  and  cement ;  fragments  of 
encrinites  and  other  fossils  .        -        -        -  3    _^ 

fi.     Pale  red  nodular  limestone  band         -        -        -        -    3  to  fl  inches. 

4.    Bed  sandstone,  grit  and  fine  gravelly  conglomerate  : 

some  fossils S^  feet 

3.  Pebbly  band  with  pebbles  and  also  concretions  of 
hmestone  :  fossils  :  among  the  pebbles  are  agate, 
quartnte,  vein  quartz,  sandstone  and  chert  -       -  1  foot 

2.  Red  sandstone  interbedded  with  fine  gravelly  con- 
glomerate, less  calcareous  than  above  :  fossils, — 
polyzoa  and  some  detached  fragments  of  corals  ■         3  to  6  feet. 

1.    Sandstone,  etc.,  not  exposed  in  this  section. 

The  fossils  are  best  seen  when  the  rock  is  wet,  as  noted  bv  Mr  Taylor 
(p.  se4X  but  at  all  times  it  needs  a  close  search  to  discover  tbcm,  as  they 
are  both  rare  and   inconspicuous.     By   far   the  most  abundant  are  the 

more 

from  larger ^ , 

tbe  red  grit  and  appear  as  though  they  might  be  proper  to  the  bea.    Shells 
though  not  entirely  absent  are  extremely  rare,  and  v '- 


—  —  fact  the  majority  of  the  limeatone  fragments  show  traces,  . 
less  obscure,  of  coral  structure.    Some  are  clearly  pieces  broken 
™.  ™n.=..o  n„j  n»^:»ii..  eroded,  but  iithers  are  intermingled  with 


1  partially 
' as  though 


Like  tbe  corals,  t£ey  occur  sometimes  lu  a  rolled  c 
3194 


y  poorly  preserved, 
laition  in  the  gritty 
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calcareous  matrix  of  the  bed,  and  sometimes  in  pebbles  of  limestone.  In 
the  following  list  of  the  fossils  of  the  Peel  Series  the  specimens,  with  one 
or  two  exceptions,  were  all  obtained  from  this  locality.  The  determina- 
tions have  been  made  by  Messrs  G.  Sharman  and  K  T.  Newton.* 

List  of  Fossils  from  Calcareous  Conolomeratb  in  thb  Peil 
Sandstone  between  The  Stack  and  Lhoob  y  Reeast. 

Corals,  — Alveolites  ? 

Amplexus  (near  to  tortuoeus). 
Cyathophyllom  sp. 
FavoBites  fibrosa?    Goldf. 

„        Gothland  lea?    Croldf. 
„         ?  (with  distinct  septa). 
Heliolites  tubulata,  Lansd, 
Monticulipora  tumida  ?    Phil, 
Pachypora  (Favosites)  cervicomis,  de  Blainv. 
Brachiopoda.  — Chonetes  ? 

Orthis  sp. 
Productus? 
8pirifera  sp. 
Besides  the  abave  the  following  specimens  have  been   foaml  :— Sponges! 
Pot^zoa,     Eiicrinite    frai^ments,     a    larj^e   and     a    small     Gi&steropod.^    A 
fipe<rmien   collected  by  Mr.  J.  Shipman  in  a  quarry  near  Peel,  ana  kindly 

5resi»nted  to  the  Survey,  contained  the  following  forms : — Fasositesi,  Fistulipftrat 
fonticulipora,  and  Stp'ingopora. 

From  Lhoob  y  Recast  the  set  of  strata  above-described  is  prolonged 
south-westward  to  The  Stack,  though  the  thicker  comstone  bands  seem  to 
be  lenticular  and  not  continuous  in  ^e  sam(9  plane  for  many  vards. 
These  conglomeratic  bands  and  comstones.  as  Prof.  Dawkins  has  snovm, 
appear  to  overlie  the  sandstones,  and  thus  form  tlie  highest  visible  portion 
of  the  Peel  Series.    A  line  of  crushing  and  fracture  runs  E.N.EL  with  the 
strike  of  the  beds,  along  the  foot  of  tne  cli£f  between  Lhoob  y  Keast  and 
The  Stack,  and  the  arrangement  of  the  confused  bedding  in  the  central 
mass  of  The  Stack  su^:gests  a  sharp  fold,  though  it  may  possibly  be  due  to 
bold  false-bedding  only. 

A  band  of  pale  impure  concretionary  limestone  several  feet  thick  has 
been  quarried  in  a  little  gully  in  the  cliff  (above  "  Cave  "  of  the  six-inch  map) 
80  yards  S.  of  the  Stack.  This  may  represent  the  thick  comstone  of  Lhoob 
y  Keeast,  but  if  so,  it  has  probably  been  shifted  slightly  southward  by 
small  faults ;  a  similar,  or  perhaps  the  same,  band  is  revealed  at  low  water 
at  the  bottom  of  the  cliff,  80  or  90  yards  farther  S.,  at  the  next  "  Cave" 
marked  on  the  six-inch  map.  Some  dyke-like  veins  of  dolomite  and  calcite, 
referred  to  by  Macculloch,  traverse  the  strata  between  tliese  places. 
Beyond  the  Stack  the  more  southerly  trend  of  the  coast  cuts  out  these 
calcareous  strata  and  brings  the  underlying  beds  into  the  cliff,  the  prevalent 
di|)s  being  still  about  N.N.W.  at  40"  to  60^  At  Trate  Fogog  350  yards 
S.  W.  of  The  Stack,  the  rocks  are  chiefly  thin-bedded  and  current-bedded 
red  and  mottled  sandstone  including  Dale  yellowish  calcareous  concretioiis, 
interstratified  with  partings  of  rea  shale  or  marl  and  bands  of  ^ta 
conglomerate  or  breccia  containing  subangular  fragments  of  red  shale  and 
sandstone  together  with  limestone,  chert^  jasper,  agates  chalybite,  etc 
At  Creg  Malin^  200  yards  farther  S.W.,  where  the  cliff-sections  cease 
abruptly,  the  red  sandstones  are  more  thickly  bedded  and  the  shale 
partings  and  conglomerate  lenticles  correspondingly  less  prominent ;  the 
rock  has  been  extensively  quarried  at  this  place  in  the  steep  bluff  overlook- 
ing the  strip  of  Raised  Beach  on  which  stands  the  lower  part  of  the  town 
of  Peel. 

The  depression  between  Creg  Malin  and  the  high  slate  ridge  of  Peel  Hill 
^p.  146)  has  been  a  Pre-glacial  cnannel  of  erosion,  during  a  period  of  elevation 
in  which  the  solid  rocks  have  been  cut  down  below  sea  level.  This  hollow 
has  afterwards  been  partly  filled  with  thick  drift.  The  faulted  junction  of 
the  Peel  Sandstones  with  the  slates  occurs  in  the  hollow  and  is  thus  com- 

*  Prof.  Boyd  Dawkins  has  recently  shown  that  many  of  the  fosssil  in  his 
collection  are  Ordovician  forms  :  see  postacnpt  at  end  of  chapter,  p.  27a 
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^etely  hidden.  The  foundations  for  the  sea- wall  in  the  eastern  part  of 
Peel  Bay  revealed  only  sand  and  shingle '  ;  and  the  submarine  work  in 
connection  with  the  deep  water  extension  recently  made  to  the  Pier  running 
eastward  into  the  Bay  from  St.  Patrick's  Isle  showed  that  the  s-^a- floor  at 
the  mouth  of  the  channel  was  occupied  by  glacial  deposits  (see  j).  442).  Hence 
the  position  and  direction  of  the  boundary  fault  at  tlus  pomt  must 
remain  more  or  less  conjectural.  On  the  Survejr  map,  the  line  adopted 
is  the  prolongation  of  the  fault  visible  at  the  inland  exposure  of  the 
Conj^lomerates  at  Glenfaba  Bridge,  described  in  the  next  paragraphs. 
It  ditfers  from  the  boundary  chosen  bv  Prof.  Dawkins  for  the  purpose  of 
his  sketch-map,'  but  has  the  practical  advantage  of  making  the  one  known 
fault  serve,  without  the  introduction  of  a  second  about  which  nothing  is 
known. 

Inland  Extension  of  the  Sandstones. 

The  inland  boundary  of  the  Sandstones  is  everywhere  drift-covered^  and 
the  available  information  is  for  the  most  part  insufficient  to  fix  its  limits 
within  J  or  even  I  of  a  mile.  That  the  series  extends  up  from  the  coast 
to  the  Kirk  Michael  highroad  is  certain  ;  but  its  supposed  extension 
beneath  the  broad  strip  of  drift-covered  low  ground  to  the  south-eastward 
of  the  road,  as  shown  on  the  published  map.  is  hypothetical  and  open  to  much 
doubt,  being  based  only  on  the  shape  of  tne  ground  (which  is  smooth  and 
low  in  this  tract,  but  is  broken  by  hillocky  rock-features  where  the  Manx 
Slates  rise  through  the  drift  along  its  mar^^in),  and  on  the  presence  of  the 
condomerate  so  far  inland  as  Glenfaba  Bndge  in  the  Neb  Valley. 

There   are   extensive   quarries  in    the  sandstone    near    the    coast   at  Quarriks 
Ballaquane,  300  to  400  yards  east  of  Creg  Malin,  in  which  the  direction  and  near  Pebl 
amount  of  dip  agrees  with  the  coast-sections,  the  rock  being  rather  fine 
grained  and  arranged  in  lenticular  beds  bounaed  by  layers  of  coarse  shalv 
conglomerate.    Similar  rock  with  a  rather  lower  dip,  is  exposed  on  both 
sides  of  the  high  road  north  of  Ballaciuane  House. 

The  exposures  around  Glenfaba  ana  Raggatt,  nearly  a  mile  south  of  Peel,  Glesfaba 
now  alone  remain  to  be  described.    Prof.  JJawkins  considers  these  to  form  Bridor 
small  faulted  outliers,  separated  from  the  main  mass  by  a  concealed  strip  of 
slate  I  mile  in  width  ;  but  his  version  of  the  ground  does  not  take  into 
account  the  fault  striking  N.  12"  to  15**  E.  whicn  is  clearly  exposed  under 
Glenfaba  Bridge ;  and  whue  I  would  readily  acknowledge  the  possibility  of 
there  being  two  parallel  faults  downthrowing  in  opjiosite  directions  between 
the  main  outcrop  and  Grenfaba,  as  represented  by  Prof.  Dawkins,  it  seems 
preferable,  as  already  stated,  in  the  absence  of  any  definite  evidence  to  the 
contrary  to  simplify  the  reading  by  adopting  the  prolongation  of  the 
Glenfaba  fault  as  tne  continuous  western  boundaiy  of   the    sandstones  , 
thus  extending  the  main  mass  of  these  rocks  farther  inland  than  Prof 
Dawkins  woutd  allow. 

Above  and  below  Glenfaba.  the  river  Neb  flows  across  flats  of  ancient 
alluvium  resting  on  a  floor  of  arift ;  but  at  this  place,  its  vallev  is  constricted 
for  200  to  300  yards  into  a  narrow  rocky  ravine  which  probably  marks  a 
local  divereence  of  the  present  river  from  the  channel  of  its  pregfacial  fore- 
mnner.  Slate  is  revealed  in  both  banks  of  this  ravine  below  the  bridge, 
and  also  in  the  bed  of  the  stream  :  but  the  western  buttress  of  the  brioge 
stands  on  pebbly  conglomerate,  which  is  faulted  off  suddenly  against  the 
slate  in  the  steep  t^nk  immediately  below.  Similar  conglomerate  is 
exposed  in  the  snallow  railway  cuttmg  on  the  S.E.  side  of  the  bridge, 
adjacent  to  Glenfaba  Mills,  and  may  also  be  present,  in  a  much  overgrown 
and  drift-covered  condition,  on  the  high  river  bank  under  the  N.W.  side  ol 
the  high  road.  The  direction  of  the  fault,  as  given  above,  can  thus  be  fixed 
within  a  few  degrees.  These  exposures  of  the  conglomerate  are  much 
weathered  and  too  limited  to  show  much  character,  but  the  rock  differs 

>  I  am  indebted  to  Mr.  T.  Corrin  of  Peel  for  this  information,  which  was 
confirmed  by  Mr.  Woods,  who  had  personal  charge  of  the  work. 
*  Op.  cit.,  Trans.  Manch.  Geol.  Soc.,  vol.  xxiL,  pt.  xxi. 
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ill  iiutny  reapects  frum  that  of  the  coast,  being  apparent^  lugely  nuda  up 
of  inateria]  derived  from  the  Slate  series,  as  we  mignt  expect  to  find 
in  beds  low  down  in  the  succession,  if  not  actuslly  at  its  hm. 
The  dip  is  scarcely  recognisable,  but  is  not  the  same  as  on  the  coe^t;  in 
the  railway  cutting  it  appears  to  be  on  the  whole  easterly,  at  an  utgle  of 
over  50". 

The  highroad  from  Peel  after  crossing  Olenfaba  Bridge  tnmi  ibtr^j 
to  E.S.E.  and  continues  for  S70  yards  along  the  edge  of  an  allavitl  fltt 
bordering  the  river ;  and  then  turnmg  again  southward,  at  Rsggatt,  ascmiii 
a  low  slope  and  leaves  the  main  valley.  On  this  slope,  red  sandstoDS  sod 
pel)l>ly  conglomerate,  closely  resembling  those  of  the  Peel  section*,  ire 
exiMjscd  by  the  road-side  for  about  100  yards,  and  appear  to  havebeei 

Juarried  in  u  garden  lying  to  the  E.  of  the  road,  where  the  indica^ou 
enote  a  gentle  northerly  dip.    On  the  opposite  side  of  the  road,  in  tba 


Fig.  78.  Sketch-map  of  the  vaJley  of  the  River  M 
around  Gienfaba  Bridge,  showing  position  of  ovteropt 
of  slate  and  conglomerate.     Scale:   6  inchee  =  1  m^(^ 


Conglomerate  indicated  by  rarcles. 
Slate  indicated  by  oblique  shading. 
B.H.    Borehole. 

bed  of  a  streamlet  which  runs  behind  the  farmstead  of  Raggatt,  deeom- 
posed  slate  is  seen  tewards  the  tep  of  the  slope,  and  red  conglomerate  20  ot 
30  yards  lower  down,  suggesting  that  we  have  in  this  vicinity  the  uncon- 
formable overlap  of  the  base  of  the  conglomerate  upon  the  older  rocki 
blate  ha.<i  also  been  reached  in  an  old  mining  trial  on  the  slope  40or  M 
yards  to  the  W.  of  the  road.  Again,  at  the  sliarp  bend  in  the  bed  of  the 
«eb  jO  TOFds  E.  of  Eaggatt.  red  sandstone  and  conglomerate  crop  out  in 
the  west  bank  and  in  the  bed  of  the  stream  ;  and  decomposed  slate  may  be 
seen  30  yards  farther  up-stream  when  the  water  is  low.  The  position  of 
these  exposures  IS  shown  on  the  accompanying  ground-plan  of  the  Taller 
between  Gienfaba  and  Hwggatt. 

Alwutthirtj-five-years  ago  companies  were  formed  to  search  for  coal  in 
the  vicmity  of  Peel,  and  several  borings  were  made,  respecting  which  it  u 
iinlortunatelydifiicult  now  to  gain  definite  information.  The  only  documen- 
tary evidence  which  we  have  been  able  to  obtain,  is  the  journal  of  a  boring 
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*  near  Peel,"  given  on  587,  for  which  we  are  indebted  to  Messrs.  Craine 
Bros,  of  LiverpooL  It  mdicates  Drifts  37  feet  thick:  resting  on  Red 
Sandstone,  50  feet  3  inchtA  thick ;  on  "grey  fakes,"  ** fireclay,  "whin- 
stone,"  etc  (evidently  the  Skte  series^  294  feet  3  inches ;  the  total  depth 
of  the  boring  beinff  381  feet  6  inches.  We  have  found  no  means  of  identify- 
ing the  site,  but  whether  the  recoixi  refers  to  the  vicinity  of  Glenfaba,  or 
to  one  of  borings  which  were  made  to  the  north-eastward  of  Peel,  it  is  of 
importance  in  demonstrating  that  the  Red  Sandstones  are  directly  under- 
lain by  rocks  of  slaty  type. 

The  approximate  site  of  another  of  these  borings  is  shown  in  the 
preceding  plan  (fig.  78).  From  one  source  I  learnt,  on  hearsay  evidence, 
that  "broken-up  slate  such  as  is  worked  for  bricks  at  the  brickyard  above 
the  harbour"  was  met  with  in  this  boring  ;  and  from  another  source,  that 
clay,  sand  and  gravel  extended  downward  to  90  feet,  with  2  feet  of  grey 
sandstone  at  120  feet,  and  blue  fireclay  (slate  ?)  down  to  150  feet. 

A  third  boring  was  made  1^  miles  farther  N..  near  the  northern 
termination  of  the  Sandstones,  in  the  N.W.  corner  or  the  field  containinA[ 
the  old  earth- works  marked  vTbe  Court  on  the  map,  200  yards  south  of 
Ballagyr  farm.  I  was  informed  by  the  occupant  ot  the  adjoining  farm, 
who  remembered  the  boring  being  made,  that  it  went  through  "  shingle  " 
into  "  blue  clay"  but  did  not  strike  the  red  sandstone.  Another  informant, 
however,  who  claiuL?  to  have  had  a  direct  interest  in  the  work^  was 
positive  that  the  red  sandstone  was  met  with ;  and  upon  the  merits  of  con- 
flictory  evidence  of  this  kind,  it  is  of  course  now  impossible  to  decide. 

[Postscript,  Aug.,  1902. — ^While  the  final  proofis^of  this  Memoir 
are  in  hand,  Pro£  W.  B.  Dawkins  has  communicated  to  the 
Geological  Society  of  London  two  further  papers  on  tho  subjects 
dealt  with  in  this  and  the  next  chapter,  under  the  titles — 1, "  The 
Red  Sandstone-Rocks  of  Peel,  Isle  of  Man;"  and,  2,  "The  Car- 
boniferous, Permian  and  Triassic  Rocks  under  the  Glacial  Drift 
in  the  North  of  the  Isle  of  Man."  In  these  papers  Prof.  Dawkins 
reiterates  his  conviction  that  the  Peel  Rocks  are  of  Permian  age. 
At  the  time  of  writing,  the  full  text  of  these  papers  has  not  been 
published ;  but  so  £Etr  as  I  can  judge  from  heanng  the  reading  of 
the  papers,  and  from  the  printed  abstracts  (Abstr.  of  Proc.  Geol. 
Soc.,  May  28, 1902,  No.  762),  the  arguments  on  this  point  which 
I  have  employed  in  the  foregoing  clmnter,  and  my  opinion  therein 
expressed,  remain  unimpaired ;  and  tne  text  of  the  chapter  has 
therefore  been  allowed  to  stand  unaltered. 

Great  interest,  however,  attaches  to  Prof.  Dawkins'  statement 
that  several  of  the  fossils  from  the  limestone-fragments  in  the 
Peel  Rocks  have  been  identified  with  species  found  in  the  Keislev 
Limestone,  which  is  of  Ordovician  age;  but  others  are  still 
claimed  as  Carboniferous  species. 

The  second  paper  contained  an  account  of  all  the  borings 
described  in  the  next  chapter.] 
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CHAPTER  Vn. 

THE  STRATA  UNDERLYING  THE    DRIFT    OF 

THE  NORTHERN  PLAIN. 

Historical  and  OeneraL 

The  opinion  had  long  been  entertained  by  geologists  that 
rocks  of  Carboniferous  age  were  likely  to  exist  beneath  the 
drift-covered  northern  pmin  of  the  Island.  Thus,  in  1848 
Cumming  remarked,  "  it  is  very  reasonable  to  conclude  that 
the  basset  edge,  both  of  it  [ie.,  of  the  Peel  Sandstone]  and  of  the 
different  beds  of  the  superior  limestone,  curves  round  to  the 
northwards  and  passes  under  the  northern  area  of  the  Isle  of 
Man  " ;  and  he  even  suggested  that  borings  should  be  made  to 
seek  the  limestone  which  he  thought  might  occur  at  fix)ra  60  to 
100  feet  below  the  surface  along  the  northern  edge  oftheCurraffh. 
To  this  suggestion  he  added  the  following  foot-note : — "  In  tne 

J  ear  1839  borings  were  made  for  coal  at  the  Craig  near  St 
ude's  Church  ;  tlie  following  is  stated  to  have  been  tne  result; 
6  feet  sand,  27  feet  blue  marl,  2  feet  gravel,  27  feet  blue  marl, 
and  then  sand.  The  boring  was  not  proceeded  with  any 
deeper."^  Again,  in  an  editorial  note  in  the  reprint  for  the 
Manx  Society  of  Sacheverells  "  Account  of  the  Isle  of  Man " 
(Douglas,  1859),  in  discussing  the  probability  of  the  occurrence 
of  coal,  Cumming  stated  that  it  was  "just  possible,  though  fwr 
from  probable,"  that  some  of  the  higher  portions  of  the 
Carboniferous  series  might  underlie  the  northern  plain :  (p.  17  of 
reprint).  The  same  conjecture  was  made  by  Mr.  J.  D.  Kendall 
in  1883,  in  discussing  the  westward  submarine  extension  of 
the  Whitehaven  Coalfield.* 

Besides  the  Craig  boring  mentioned  by  Cumming,  other 
attempts  to  find  coal  seem  to  have  been  made  in  the  plam  about 
tho  middle  of  last  century  (see  p.  558) ;  and  one  of  these,  in  the 
vicinity  6f  Cranstal,  is  reportm  to  have  reached  the  base  of  the 
drifts.  But  it  was  not  imtil  1891,  when  Messrs.  Craine  Bros,  of 
Liverpool  commenced  the  systematic  exploration  of  the  northern 
extremity  of  the  Island,  that  any  definite  information  r^ardin^ 
the  buried  rock-platform  was  forthcoming.  The  first  descriptions 
of  their  investigations  were  published  by  Prof  W.  Boyd  Dawkins 
in  1894  and  1895,*  who  gave  the  rcconl  of  three  borings  which 

*  "Isle  of  Man  "  d.  210 

«  "  The  Structure  of  the  CumbDrlanri  Coalfield,"  Trans.  N.  of  Eng.  Instit. 
of  Min.  Engineers,  vol.  xxxii.,  p.  SoG. 

'  Trans.  Manchester  Geol.  Soc,  vol.  xxii.,  pt.  xxi.,  and  vol.  xxiii.,  pt.  vi. ; 
also  in  Report  British  Assoc,  for  lRn4,  p.  662,  and  for  18W5,  p.  776  ;  and  in 
Colliery  Guardian,  vol.  Ixix.,  p.  414. 
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had  been  carried  down  into  the  soUd  rocks ;  and  the  details  of 
a  fourth  boring  were  made  known  in  1896,  by  Mr.  John  Todd, 
the  engineer  in  charge  of  the  operations.^  Since  that  time  two 
additional  borings  have  been  completed  (Nos.  5  and  6);  and 
through  the  courtesy  of  Messrs.  Cfraine  Bros.,  we  are  enabled 
to  include  a  ftill  description  of  these  in  the  following  pages^. 
Besides  confirming  the  forecast  as  to  the  Lower  Carboniferous 
rocks,  these  borings  have  Ukewise  proved  the  existence  of  Triassic 
and  Permian  strata,  hitherto  scarcely  suspected,  within  the  Umits 
of  the  Island.    (See  also  Postscript  to  last  chapter,  p.  279.) 

The  recent  borings  have  all  oeen  made  upon  the  extreme 
northern  margin  of  tne  drift-covered  plain ;  and  there  lies  to  the 
southward  a  space  ranging  in  breadth  from  4f  miles  on  the  west 
to  7  miles  on  the  east,  with  a  superficial  area  of  over  40  square 
miles,  in  which  no  direct  evidence  as  to  the  solid  geology  is  at 
present  forthcoming.  On  the  geological  map  as  published,  a 
conjectural  representation  of  the  geology  of  tnis  tract  has  been 
attempted,  from  general  considerations,  as  subsequently 
explained  (p.  294) ;  but  this  can  be,  at  the  best,  only  approxi- 
mately correct.  The  uncertainty  is  rendered  the  greater  since 
there  is  a  possibility  that  Devonian  and  Silurian  rocks  as  yet 
unknown  in  the  Island,  may  crop  out  under  the  drift  between 
the  Lower  Carboniferous  beas  of  the  borings  and  the  hilly  slope 
of  the  Manx  Slates.  This  point  will  be  further  discussed  in  a 
later  part  of  the  present  chapter. 

Description  of  the  Deep  Borings* 

The  sites  of  the  six  borings  already  sunk  are  shown  on  the  ^round-plan 
on  p.  283,  (Fig.  79)  ;  all  except  No.  6  are  also  indicated  on  the  published  one- 
incn  geological  map.  The  numeration  is  that  adopted  by  the  proprietors,  and 
follows  the  order  in  which  the  borings  were  made.  It  will  be  more 
convenient,  however,  to  describe  them  in  their  geographical  sequence  from 
west  to  east,  as  we  shall  then  pursue  the  upward  succession  of  the  solid 
rocks,  which  we^e  entered  at  higher  stratigraphical  horizons  by  each  boring 
consecutively  in  this  direction.  Through  the  kindness  of  Messrs.  Craine 
Bros.,  and  of  Mr.  J.  Todd,  the  resident  engineer,  the  writer  was  enabled 
to  examine,  while  the  wort  was  in  progress,  the  whole  of  the  cores  in  their 
possession,  and  to  select  a  typical  series  for  the  Survey  Collection.  The 
following  descriptions  of  the  sections  are  based  on  notes  made  during  these 
examinations.  The  complete  journals  of  the  borings  are  printed  in 
Appendix  III.,  p.  578. 

The  glacial  deposits  passed  through  in  the  borings  are  more  fully 
describe  in  Chap.  IX.,  p.  340  and  XI.,  p.  418. 

Ho-  3— The  Lhen Hooar Boring. 
Summary  of  Section.    (See  also  Appendix  III,  p.  580.) 

Ft.  in 
Sand  and  Gravel,  probably  Raised  Beach  -  -  -  12  0 
Glacial  drift ;  sand,  gravel  and  silt  -  -  -  -  155  6 
Carbonifei-ous  Limestone   -        -        -         -        -        -66     10 


Total  depth    -    -    234 


*  Yn  Lioar  Manninagh,  vol.  iii.,  pt.  ii.,  pp.  65-72. 

*  Prof.  Boyd  Dawkins  has  included  an  account  of  the  last  two  borings  in 
his  recent  papers.    (See  postscript  on  p.  279.) 
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Further  description, — This,  the  most  southerly  as  well  as  the  moit 
westerly  of  the  Dorin^  had  its  site  on  the  Raised  Beach  only  10  or  15 
feet  al)ovo  high-tide  level,  and  50  yards  from  high  water-mark,  on  the 
north-western  coast  of  the  Island,  470  yards  N.N.K  of  the  bridge  at  Lben 
Mooar. 

We  have  no  definite  information  as  to  the  character  of  the  drifts,  u  the 
bonn^  had  been  completed  before  our  visit,  and  specimens  of  the  diift- 
deposits  had  not  been  preserved.  The  apparent  absence  of  boolderclaT  it 
singular,  though  in  all  the  borings  the  proportion  of  sand  and  graTel  to 
boulder-clay  is  greater  in  the  drifts  of  these  sections  than  in  the  avenge 
cliff-sections. 

T]ie  rock-floor  was  found  at  within  a  few  feet  of  the  same  depth  in 
this  boring  as  in  borings  No.  2  and  No.  4,  but  at  a  less  depth  than  in  those 
to  the  eastward  of  No.  4.  That  it  represents  a  plane  of  marine  denudation 
is  clearly  indicated  by  the  regularity  with  which  it  cuts  such  diverse  rocb 
as  the  limestone  of  the  present  boring  and  the  Triassic  Sandstone  of  borings 
Nas.  2  and  4. 

The  Carboniferous  Limestone,  as  shown  by  the  cores,  was  thron^ont 
much  crumpled  and  disturbed,  dipping  at  an  an^le  of  40*  or  more.  It 
contained  many  calcite  veins  and  cavities,  and  varied  in  colour  from  dark 
blue  to  i)alish  grey.  It  abounded  in  fragments  of  encrinites,  which  were 
the  only  fossils  recognised.  It  anpeared  to  be  more  massive  and  less 
interrupted  by  shale  partings  than  tne  Lower  Limestone  of  the  souUi  of  the 
Island,  and  less  fossiliferous  than  the  Poolvash  Limestone. 


No.  2.— The  Ballawhane 
Summary  of  Section.     {See  also  Appendix  III.,  p.  579). 

Ft.  in 

Raised  Beach ;  sand  and  gravel 16   0 

Glacial  Drift ;  sand,  clay  and  silt  (see  p.  421).        -        -  155   0 

St.  Bees  Sandstone  (Tnassic) 37 10 

passing  downwards  into 
Lower  Red  Marls  (Permian) 334 

Lower  Carboniferous  Series,  consisting  of — 

Ft.  in. 
Stained  limestone    with   encrinites, 

much  shattered  at  the  top  -        -        -        -    3    6 

Hard  mottled  blue  grit 0    9 

Limestone 20 

Purple  sandstone  and    shale,  more    or    less 
calcareous,  with  bands  of  stained   encrin- 

ital  limestone 98  10 

passing  down  into 
Thicker    beds    of  pale    encrinital  limestone, 
with    gritty  ana  shaly    partings    in    the 
upper  part 37  11 

148    0 


Total  depth    -    -    >    718    4 

Further  Description.— -ThiB  bore-hole  is  on  the  narrow  strip  of  Raised 
Beach  on  the  western  side  of  Blue  Point,  70  yards  from  hi^^-water  mark 
and  1,300  yards  to  the  north-eastward  of  No.  3,  and  at  the  same  elevation 
above  the  sea  as  that  boring. 
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The  drift  had  been  penetrated  before  my  first  visit  and  the  material  iiad 
not  been  kept  (see  p.  421).  The  St.  Bees  Sandstone  resembles  in  all 
resfiects  that  of  Cumberland,  being  a  rather  fine  grained  somewhat 
micaceous  unfossiliferous  sandstone,  of  brightish  red  colour  mottled  and 
streaked  in  places  with  greenish  gre^,  interlaminated  with  thin  partings  of 
marl.  These  marly  intercalations  increase  in  thickness  towardiu  the  base 
of  the  sandstone,  thus  giving  a  gradual  passage  into  the  Lower  Marls,  which 
again  resemble  toose  of  the  coast  near  Whitehaven  except  in  the  compara- 
tive rarity  of  gypsum,  of  which  only  a  few  thin  streaks  were  encountered. 
These  rocks  possessed  throughout  a  gentle  dip  of  from  6  to  10  degrees,  and 
showed  no  signs  of  disturbance  except  within  a  short  distance  of  the  base 
of  the  marls,  where  there  was  much  slickensides,  especially  iust  above  the 
sudden  junction  with  the  highly  disturbed  Carboniferous  rocks. 

The  condition  of  the  cores  immediately  at  the  base  of  the  marl  and  at 
the  top  of  the  Carboniferous  rocks  indicated  that  the  junction  was  almost 
certainly  a  line  of  fault  The  effect  of  this  fault  is  apparently  to  let  down 
the  Triassic  and  Permian  rocks  on  the  cast  a^inst  the  Lower  Carboniferous 
rocks  on  the  west,  thus  causing  the  wide  difference  between  the  rocks  of 
this  boring  and  of  the  last.  The  fault  appears  to  have  been  struck  at  such 
a  level  in  the  boring  as  to  cut  out  the  lowermost  portion  of  the  Permian 

Fig.  79.  Ground-plan  of  the  northeim  extremity  of  the 
Isle  of  Man^  indicating  position  of  borings  and 
line  of  section  {A — B)  shown  in  Plate  V. 

B.H.»  Borehole. 
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strata  from  the  section,  so  that  the  Brockram  so  well  represented  in  borinfl;s 
farther  eastward  is  not  found  here.  The  ma^itude  of  the  fault  is  probably 
considerable,  judging  from  the  thickness  of  tne  Triassic  Rocks  at  this  place 
on  the  one  hand,  and  from  the  absence  of  staining  in  the  Carboniferous 
Limestone  of  No.  3.  Boring  on  the  other  hand,  the  latter  fact  indicating  an 
uplift  of  the  Carboniferous  rocks  to  the  westward  sufficientlv  great  to  have 
carried  the  stained  strata  which  must  originally  have  underlain  the  Red 
Rocks  (see  p.  286)  above  the  present  plane  of  the  denuded  rock-surface. 
The  direction  of  the  fault  can  only  be  conjectured ;  on  general  considerations, 
it  may  be  supposed  to  strike  from  some  point  between  north  and  west  to 
some  point  between  south  and  east  (see  p.  294^ ;  and  as  no  fault  of  magnitude 
has  b^n  detect^  in  the  Manx  Slates  anywhere  to  the  southward  a  south- 
easterlv  course  has  been  adopted  for  it  on  the  map. 

We  have  previously  referred  to  the  account  of  this  boring  published  by 
Prof.  Dawkins,  in  wnich  the  Red  Marls  for  33  ft.  4  in.  above  the  fault  and 
the  Carboniferous  rocks  for  101  ft.  11  in.  below  it  are  combined  under 
the  heading  of  "  Permian  Bocks  of  the  Stack  Series''  *  As  already  stated, 
^  ■  '  — _^    • 

^  Trans.  Manchester  QeoL  Soc,  vol  zxui,  pt  vi 
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Professor'DawkiDs  has  now  abandoned  thu  reading,  and  eranto  that  Loiv 
Carboniferous  rocks  set  in  immediately  below  the  Ked  Marls  at  a  depth  ol 
575  feet  below  the  surface  and  are  continuous  thence  to  the  bottom,  and 
that  no  rocks  comparable  to  the  Peel  Series  occur  in  the  boring.  The 
supposed  conglomerates  and  breccias  mentioned  in  his  account  are  bands  of 
Carooniferous  limeston^  disturbed  b^r  Pre-Permian  earth-movement  aod 
afterwards  partly  brecciated  in  the  vicinity  of  the  fault :  thej  aie  stained 
by  the  Red  Rocks,  partly  dolomitised,  and  frequently  veined  with  hjematltei 
Tne  Lower  Carboniferous  beds  of  which  these  bands  form  part  inclode 
purple-stained  sandstone  and  shale,  alternating  with  limestone-huids  gener- 
ally full  of  encrinite-stems.  The  uppermost  calcareous  band  occun 
immediately  below  the  Red  Marls,  with  others  at  intervals  throughout  tlie 
next  100  feet  of  the  section,  finally  giving  place  to  the  more  massivelimestone 
at  the  bottom  of  the  boring ;  this  series  appears  to  be  conformable  throu^oQt; 
its  dips  range  from  40^*  m  the  upi)er  portion  to  60"  in  the  lower  part  of  the 
section,  thus  contrasting  strongly  with  the  ^ntle  dins  of  the  ovenjring  Red 
Sandstone  and  Marls.  A  "  conglomerate  with  pebble  bed  "  3  feet  9  inchei 
thick  is  mentioned  in  the  journal  of  the  boring  at  a  depth  of  631  feet  2  inches; 
but  I  carefully  examined  the  cores  without  finding  any  true  conglomerate 
in  the  Carl)oniferous  series,  an5  suppose  the  entry  to  refer  to  onj  of  the 
cmshed  hiucstone  bands.  The  beds  were  full  of  slickensides  for  20  to 
30  feet  below  the  junction  with  the  Red  Marl,  and  there  were  again 
similar  syniptoms  of  disturbance  at  678  feet ;  but  in  the  intervening  space 
the  crumpling  and  pressure-structures  were  of  older  date  than  the  Post- 
Trissaic  fault,  and  were  such  as  usually  accompany  the  folding  of  rocks. 
The  purple  sandstones  and  shales  accompanying  the  Carbonifen>us  Lim^ 
stone  become  still  more  abundant  eastward  m  the  next  two  borings, 
presumably  indicating  that  we  reach  higher  horizons  in  the  Lower 
Carboniferous  series  in  this  direction. 


No.  4.— Knock-e-Dooney 

Summary  of  Section.    (See  also  Appendix  III.,  p.  681). 

Ft.  in. 

Raised  Bcixcli ;  sand  with  stones 160 

(ilac.ial  Drift;  sand,  gravel,  silt,  clay,  etc.  (see  p.  419)     -  157   0 

St.  Bees  Sandstone  (Triassic) 335   8 

piissing  down  into 
Lower  Red   Marls    with    intercalations    of   sandstone 

(Permian)         - 98  4 

passing  down  into 
Brown  coarse-grained  sandstone  wutli  partings  of  marls, 
and  tine  "  Brockram  "  (conglomerate)  at  base  (Permiiin)  56   1 

Carboniferous  Rocks : —  j?Y   ^^ 

Stained  reddish  and  purplish-grey  sandstone 

with  deeply  stained  slialy  layers      -         -     62     2 

Sandy  shale  with  clay-ironstone  nodules, 
stamed  dull  red,  passing  down  into  dull 

Eurple  and  gradually  into  dark-grey  and 
lacK  shale  with  pyrites ;  sHghtnr  calca- 
reous; contiiining  a  few  crushea  fossils 
(encrinites;  Spirifera,  Frocluct as,  etc.,  of 
small  size)      .----.  220     2 
Bands  of  limestone  and  shale    -         -        -     17     6 

299  10 


Total  depth     -    -     .     961  11 
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Further  Detscriptum, — This  bore-hole  is  distant  1,500  yards  N.  58  E.  from 
•Jo.  2,  on  the  Raised  Beach,  30  yards  from  hich- water  mark,  on  the  western 
ide  of  Rue  Point,  N.  20  W.  of  the  farmstead  of  Knock-e-Dooney.  It  is 
loteworthy  that  at  all  the  borings,  in  spite  of  the  proximity  of  the  sea  and 
he  very  porous  character  of  the  superficial  material  to  some  depth  below 
ea-level,  a  supply  of  fresh  water  was  obtained  bjr  excavating  the  Raised- 
«ach  smngle  to  a  deptii  below  the  level  of  high-tide.  The  fresh  water  in 
hese  excavations  rose  and  fell  with  the  tide,  and  only  occasionally  became 
liditly  brackish. 

I  was  able  to  make  a  careful  examination  of  the  material  obtained  from 
be  drift  deposits  of  this  section,  and  have  incorporated  the  results  in  a 
ucceeding  chapter  (p.  420).  These  drifts  extenaed  downward  to  about 
he  same  depth  as  in  the  preceding  bores ;  and  the  top  of  the  St.  Bees 
iandstone  immediately  beneath  them  was  soft  and  rubbi^r,  being  probably 
broken  up  by  glacial  agencies.  The  sandstone  was  identical  in  character 
nth  the  corresponding  rock  of  No.  2  Bore,  and  possessed  the  same  low 
ip.  In  places  it  showed  extremely  well-marked  cross-bedding.  The 
larljr  intercalations  gradually  increased  toward  the  base,  until  tney  pre- 
ommated  over  the  sandstone,  and  constituted  the  Lower  Marls.  The 
)wer  portion  of  these  marls  was  streaked  with  thin  irregular  dabs  and 
atches  of  coarse  sandstone  or  grit,  and  this  material  increased  in  quantity 
ownwards  until  it  replaced  the  marls  which  thus  formed  a  link  between 
|e  overlying  St.  Bee^  Sandstone  and  an  underlying  sandstone  of  a 
ifferent  type. 

.It  is  now  usual  to  consider  the  St.  Bees  Sandstone  as  the  lowest  division 
'  the  Trias  in  Cumberland,  and  to  class  the  underlying  strata  as  Permian. 
•  seems  necessary,  therefore,  that  we  should  regard  the  Lower  Marls  and 
le  underlying  beds  down  to  the  base  of  the  Red  Rocks  in  these  Manx 
ctions  as  Permian ;  but  this  classification  is  purelv  artificial,  since  the 
■called  Permian  strata  are  simply  the  basement  beds  of  the  overlying 
riea,  as  indeed  they  are  also  on  the  Cumberland  coast.  These  "  Permian 
cks  appear  to  have  been  faulted  out  in  the  boring  last  described,  so  that 
ihave  here  for  the  first  time  an  opportunity  to  examine  them.  Prof. 
Ofd  Dawkins  classes  their  upper  portion  with  the  Triassic,  but  ascribes 
^Ir  lowest  part,  for  a  thickness  of  28  feet  3  inches,  to  "  Permian  rocks  of 
-  Stack  Series "  * ;  they  bear  no  resemblance,  however,  either  to  the  Peel 
^  or  to  the  so-called  "  Stack  Series  "  of  the  Ballawhane  boring, 
nie  peculiar  coarse  brown  sandstone,  into  which  the  marls  passed  down- 
1^  as  above  described,  is  characterised  b^  the  size  and  also  by  the 
indness  and  polish  of  its  quartz-grains,  which  are  set  in  a  more  or  less 
j^ly  matrix  and  in  some  bands  exceed  J  inch  in  diameter, 
[oward  the  base  it  becomes  streaked  with  a  fine  calcareous  conglomerate 
breccia,  of  which  the  more  or  less  subangular  fragments,  up  to  i  inch  in 
nieter,  seem  to  have  been  derived  from  the  underlying  Carboniferous 
*>*,  being  chiefly  composed  of  dolomitised  and  decayed  fragments  of 
^tone,  i^ith  dull  red  grit,  brick-red  grit  or  sandstone,  shale  and  quartz, 
the  No.  5  boring  two  miles  farther  eastward,  the  breccia  found  at  the 
le  of  the  Red  Rocks,  though  of  similar  composition^  was  much  coarser 
1  thicker,  and  apparently  replaced  the  round-grained  sandstone.  In 
'h  sections  the  fragments  of  limestone,  which  constitute  the  most, 
mdant  element  of  the  breccia,  have  undergone  a  curious  outer  dolomi- 
ation  and  iulernal  decomposition  by  which  a  hollow  interior  lined  with 
lomite  or  calcite  crystals  is  frcouently  produced.  This  is  also  a 
iracteristic  feature  in  the  Cumberland  Brockram,  but  is  not  present 
the  fragments  of  limestone  in  the  Peel  Series. 

For  a  few  feet  immediately  below  the  Brockram  the  cores  were  much 
ittered,  and  it  was  stated  that  at  this  point  the  water  sank  in  the 
)es  and  the  boring-rods  dropped  as  if  they  had  broken  into  a  small 
ity.  The  dips,  down  to  the  base  of  the  Brockram,  had  continued  parallel 
tihat  of  the  St.  Bees  Sandstone,  ranging  between  5**  and  8" ;  but  the 
rbonifereoas  rooks  were  now  entered  and  showed  the  usual  steep  incli- 
ion,— 30"  to  40*  or  over.     The  highest  of  these  Carboniferous  rocks 

*  Rep.  Brit.  Assoc.,  Liverpool,  1896,  p.  778. 
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was  a  reddifih  and  parpliah  grey  sandBtcme,  veined  in  places  widi 
Kvpeom  and  somewhat  irregalarly  stained,  Uie  colour  being  deepest  in  the 
^alv  layers.  That  this  staining  was  derived  from  the  overlying  Bed 
Rocks  was  strikingly  demonstrated  by  the  manner  in  whicJi  the  red 
coloration  faded  out  downwards  among  the  underlying  shales,  paasmg 
gradually  through  shades  of  dull  red  and  Drownish  purple  into  tiie  <»igiiuu 
dark  grey  and  black.  The  staining  had  i^ected  the  laminae  uneqiially, 
thus  giving  rise  in  places  to  strongly  marked  colour-banding.  The  shales 
were  full  of  slickensides  and  puckenng,  and  showed  other  mdications  of 
severe  compression.  In  their  lower  portion  they  contained  many  small 
round  p>Titous  concretions,  sometimes  marked  with  slickensides  on  the 
surface.  Considering  the  abundance  of  fossils  in  the  Lower  Carbonife- 
rous rocks  of  the  south  of  the  Idand,  the  dearth  ol  organic  renudna  in 
these  shales  was  somewhat  remarkable.  Towuds  the  baie  they  contamed 
a  few  badly  preserved  and  scarcely  identifiable  diells  of  small  sise,  refer- 
able to  the  genera  Productus  and  Spiri/erOj.  together  with  scattered 
encrinite  stems  also  unusually  smalL  These  beds  became  more 
calcareous  downward,  until  bands  of  shaly  limestone  were  readied, 
while  the  lowest  roclLs  pierced  (of  which  I  saw  only  a  few  specimens  and  not 
the  whole  of  tiie  cores)  included  some  tiiicker  beds  of  greyish  cryBtalline 
]  imestone.  It  is  probable  that  these  beds  represent  a  hi^er  hoiizon  than  the 
massive  limestone  oi  No.  3  Boring.  FW>f.  I>awkins  refers  ^e  sandstone 
and  shales  to  the  Yoredale  Series,  but  it  seems  scarcely  advisable  to  extoid 
that  ill-defined  local  term  to  a  district  so  remote  from  the  place  of  its 
origin  on  the  scanty  evidence  we  possess  at  present. 

Allowing  for  the  imgle  of  dip^  we  may  estimate  the  thickness  of  the 
Carboniferous  rocks  pierced  in  this  boring  at  about  835  feet. 

Ha  S.—Ballageoney  Boring.  - 

Summary  of  Section.    {See  also  Appendix  III.,  p.  683.) 

Ft.  in. 

Raised  Beach ;  sand  and  stones  -        -        -        -        -  15  0 

Glacial  Drift ;  sand,  gravel,  clay,  eta  {see  p.  418)  -        -  197  4 

St.  Bees    Sandstone  (and  Lower  Ikburls,  inseparable),  792  S 

passing  into 

Marl   with   coarse   sandstone  and  fine   *' Brockram,"  17  6 

passing  into 

Coarse "  Brockram  "-conglomerate        -        -        -        -  19  6 

Carboniferous  Rocks: —  Ft.  in. 

Purple  sandstone  and  sandy  shale  with 
casts  of  Productus  (?)  and  other  shells  in  a 
band  36J  feet  from  top  -        -        -        -      45    3 

Purplish,  reddish  and  grey  sandstone  with 
shaly  layers ;  containing  obscure  plant 
remains,  including  Lepidodend/ron  and 
Stigmaria 87     1 

Dark  purple  shale  and  impure  limestone, 
with  badly  preserved  marine  fossils  (see 
list,  p.  288)     - 61     3 

Stained  sandy  limestone  and  calcareous 
sandstone,  with  shaly  layers;  much  dis- 
turbed and  partially  orecciated  in  places ; 
containing  oadly  preserved  marine  fossils 

(seeUst)  02    5 

256    0 


Total  depth    -     1,297    6 
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h£r  Descriptum, — This  boring,  which  up  to  the  present  time  is  the 
of  the  series,  lies  at  a  distance  of  two  miles  E.  14  N.  from  No.  4, 
nost  exactly  half-way  between  No.  4  and  No.  1  (Point  of  Ayre). 
le  others,  it  is  at  the  seaward  ed^  of  the  Raised  Beach,  here 
[oarters  of  a  mile  broad,  and  is  aoout  30  yards  from  high-water 
nd  a  few  yards  to  the  westward  of  the  cart-track  leading  from 
nney  farm  to  the  shore. 

Kamination  of  the  material  obtained  from  the  superficial  deposits 
that,  as  in  all  the  borings,  in  spite  of  the  depth  below  sea-level,  the 
beds  extended  down  to  tne  solid  rock,  and  that  no  Pre-Qlacial  or 
Y  strata  were  present  (see  p.  420). 

8t.  Bees  Sandstone  agreed  in  all  respects  with  the  same  rock  in  the 
sections^  except  that  it  was  much  thicker,  from  this  boring 
entered  it  at  a  higher  horizon,  and  in  a  minor  degree  from  the 
Marls  beinff  so  much  interstratified  with  the  sandstone  as  to  be 
9^r  separable  as  an  independent  division.  The  deposit  probably 
nearly  its  full  thickness  here,  as  calculation  from  the  dip  will  show 
e  overlying  Upper  Saliferous  Marls  proved  in  the  Point  of  Ayre 
should  extend  nearly  to  this  place. 

w  the  St.  Bees  Sandstone  the  succession  differed  from 
st  boring,  not  onlv  in  the  less  distinct  development  of 
rOwer  Marls  but  also  in  that  the  brown  sandstone  with 
d  grains  was  represented  only  by  thin  streaks  of  coarse  sand 
•atified  with  marl.  This  gritty^  marl  mingled  graduaUy  downward 
onglomeratic  ^^brockram"  wnich  was  at  first  scanty  and  of  fine 
I.  but  increased  rapidly  in  quantity  and  coarseness  down  to  the 
nere  it  contained  blocks  of  dolomitised  limestone,  sandstone,  etc.. 
6  inches  or  more  in  diameter.  The  "brockram''  as  developed 
i  section  very  closely  resembled  the  corresponding  rock  of  the 
rland  coast-section  near  Whitehaven. 

eat  unconformability  was  again  found  at  the  base  of  the  Red  Rocks, 
ow  and  regular  dip  of  5'  to  10'  giving  place  suddenly  to 
and  disturl)ed  strata  of  Lower  Carboniferous  age  dipping  at 
J6'.  These  Carboniferous  rocks  differed  widely  from  those  in  No.  4 
and  only  in  part  resembled  the  series  in  No.  2.  The  stained 
me  of  the  uppermost  portion  was  strongly  cross-bedded  :  it  passed 
Qto  mottled  green  and  purple  shale,  strongly  slickensided  along  the 
g  planes.  A  band  of  dark  purple  sandstone,  7  feet  3  inches  in 
»s,  occurring  at  a  depth  of  36j^  feet  from  the  base  of  the  brockram, 
riginally  have  been  a  fossiliferous  calcareous  grit ;  but  the  lime  was 
I  out,  leaving  obscure  casts  of  shells  among  which  Froductus 
nriftra  were  recognised. 

w  the  shelly  seam  was  a  band,  1^  feet  thick,  of  very  hard  close- 
l  gprit— almost  a  quartzite—not  unlike  certain  thin  bands  passed 
h  in  the  No.  2  Boring.  In  the  succeeding  67  feet  of  stained 
)nes  and  sandy  shales  no  marine  fossils  were  found,  but  some  of  the 
ere  full  of  obscure  plant  remains,  among  which  Lepidodendron  and 
\,ria  have  been  recognised.  At  a  depth  of  1,173  feet  10  inches  from 
face  there  was  a  rather  sudden  change  to  calcareous  shales  full  of 
fossils,  encrinites  predominating,  and  these  shales,  with  intercalations 
ure  limestone  and  sandstone,  continued  to  1,235  feet :  while  below 
>  the  bottom  of  the  boring,  the  rocks  consisted  chiefly  of  stained 
limestone  or  calcareous  grit,  with  numerous  fossilsL  among  which 
tes  were  not  so  conspicuously  abundant  as  at  the  higher  level  The 
the  fossils  of  the  boring  given  on  the  next  page  has  been  prepared 
isrs.  Sharman  and  Newton  from  specimens  preserved  in  the  Survey 
ion.  The  dips  in  the  lower  part  of  the  Carboniferous  rocks  were 
hat  steeper  than  in  the  higher  part,  ranging  between  45'  and  50^ 
sady  persistence  of  dips  approximating  to  45  in  this  series,  extending 
ions  3i  miles  apart,  when  taken  in  connection  with  the  disturbed 
ber  of  the  bedding,  is  a  strong  indication  of  the  presence  of  systematic 
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folding.  In  the  present  boring  especially,  most  of  the  shales  and  thinner 
limestones  were  much  crumpled  and  partially  brecciated,  showing  *  fluxion 
structure '  of  the  bedding  plan&s  and  in  some  cases  a  fracture  like  incipieot 
cleavage ;  slickensides  ana  polished  surfaces  were  also  abundant  through- 
out. 

Some  thin  veins  of  gypsum  cut  across  the  beddin^.planes  in  the  k)wer 
part  of  the  section.  The  staining  of  the  rocks  in  different  shades  of  red 
and  purple  was  again  a  marked  feature,  and  extended,  in  var3ring  degrees,  to 
the  bottom  ;  at  1,197  feet  from  the  surface,  where  a  strong  jomt  or  fault 
accompanied  by  a  brecciation  of  the  shale  was  passed  through,  the 
staining  was  accentuated. 

In  this  section,  as  in  No.  2  and  No.  4,  we  find  that  the  limestones  are 
subordinate  to  beds  coin()osed  of  sandy  and  shaly  material.  These  facts 
suggest  that  the  Lower  Carboniferous  n)cks  of  the  north  of  the  Island  are 
likely  to  correspond  more  nearly  to  the  strata  of  similar  a^  in  the  soath- 
west  of  Scotland  than  to  those  of  any  part  of  England,  as  indeed  mi^t  be 
expected  from  their  geographical  position.  The  presence  of  sandstone  witli 
plant  remains,  intercalate  with  beds  contaimng  marine  fossils,  afbrcb 
further  evidence  in  this  direction. 

There  w^ere,  again,  no  rocks  in  the  boring  that  could  be  correlated  with 
the  Peel  Sandstone  notwithstanding  that  the  base  of  the  New  Red  series 
was  again  revealed  ;  and,  as  stated  in  the  previous  chapter,  this  evidoice 
tells  strongly  against  the  supposed  Permian  age  of  the  Peel  seriea 

List  of  Fossils  from  the  Carboniferous  Rooks  nr  thi 

Ballagennet  (No.  6)  Boring. 

At  depth  of  1,078  feet  from  surface  : 

♦Casts  of  Prodnctus  t  and  Spirt/era  f 

At  about  1,166  feet : 

♦Impressions  of  vegetable  remains,  including  Stigmana  and  Lepi- 
dodendronf 

At  1,176  feet : 

Spirt/era  frtgonalis  f  and  fragments  of  other  shells. 

At  1,182  to  1,189  feet : 

(Spon^^  llyalostelia  sp. 
fcrinoicl)  Encrinite  stems. 
(Polyzoa)  Fenestella  sp. 

Rhomhopora  niegastonia  f  McCoy 
(Brachiopoda)  ChoneUs  laguessiana^  de  Kon. 

Producttis  scal>riculti8,  Mart. 
„  longispinuBy  Sow. 

At  1,200  feet : 

(Annelid)  Sinrorhis  sp. 

At  1,208  to  1,210  feet: 

Encrinite  stems. 

Fenestella  sp. 

Chanetes  lagtieBsiana  t  de  Kon. 

Fish  tooth. 

At  1,282  to  1,290  feet: 

Encrinite  stems. 
Productus  fofu/ispinuSj  Sow. 

„         jrunctatusy  Mart. 

„         semiretictdattts,  Mart. 

♦The  foKsils  marked  thus  were  only  seen  by  the  writer  in  the  cores  at 
the  boring ;  the  remainder  were  determined  by  Messrs.  Sharman  and 
Newton. 
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No.  1.— Point  of  Ayre  First  Boring. 

Summary  of  Section. — (See  also  Appendix  III,  p.  578.) 

Raised  Beach ;  shingle 23  feet. 

Glacial  Drift ;  sand,  gravel,  silt,  and  clay     -        -  275    „ 

Triassic  Red  Marls,  with  gypsum  and  rock-salt   -  332    „ 

Total  depth      -  680    „ 


Further  DeRa^ption. — This  boring,  commenced  in  1891,  was  the  first  of 
he  series.  Its  position,  2  milas  distant  E.  25  N.  from  No.  5,  is  on  the 
laiscd  Beach,  close  to  high- water  mark,  at  the  extreme  northerly  point  of 
he  Island. 

It  had  been  completed  before  I  visited  the  place,  and  the  drift  material 
lad  not  been  preserved.  Through  the  kindness  of  Mr.  J.  Todd,  however, 
re  have  been  supplied  with  a  full  set  of  8[)ecimens  from  the  corre- 
ponding  drifts  of  the  later  boring,  No.  6,  wmch  lies  only  335  yards 
outh-eastward  from  No.  1,  and  have  been  thus  enabled  to  make  a  careful 
tudy  of  the  exceptionally  interesting  glacial  section  at  this  place 
see  p.  340). 

In  the  No.  6  boring  the  Glacial  deposits  appear  to  extend  to  the  remark- 
ble  depth  of  at  least  428  feet  below  the  surface,  the  middle  portion 
onsisting  mainly  of  sand  and  gravel,  in  places  full  of  marine  shells,  and 
he  lowest  part,  of  re-arranged  red  marl  with  foreign  stones.  From  the 
iifficulty  in  distinguishing  between  the  latter  material  and  the  Triassic 
oarl  in  its  original  htate,  it  is  possible  that  the  drift  in  the  present  boring 
ms  thicker  than  stated  ;  the  diamond  drill  was  not  used  until  a  depth  of 
52  feet  was  reached,  and  the  difference  between  drift  and  solid  of 
imilar  composition  would  be  scarcely  perceptible  in  the  fragments 
>roken  ap  by  the  chisel.  Otherwise  the  difference  of  over  100  feet  between 
he  thickness  of  the  drift  in  these  contiguous  sections  would  denote  a  most 
meven  surface  of  the  solid  rocks  in  this  quarter ;  and  this,  though  not 
aherently  improbable,  is  opposed  to  the  evidence  of  the  former  borings, 
irhich  indicated  a  regular  plane  of  erosion  beneath  the  drifts  fsee  PL  V.i 
Nowhere  in  the  British  Islands,  so  far  as  I  am  aware,  have  the  Glacial 
leposits  been  proved  to  so  great  a  depth  as  in  these  two  borings 
see  p.  344). 

The  Triassic  marls  were  red  and  brown  in  colour,  mottled  and  streaked 
ath  ^eenLsh  grey.  They  were  thinly  veined  throughout  with  gypsum,  and 
ontained  crystals  and  pseudomorphs  of  rock-salt.  In  the  lower  pcwij  of 
he  section  several  bands  of  rock-salt  were  passed  through,  naving 
n  aggregate  thickness  of  33^  feet,  the  thickest  bed  (20  feet)  occurring 
t  635  feet  2  inches  from  the  surface.  A  brine- run  2 J  feet  in  depth 
ras  also  intercepted,  and  preparations  are  now  in  progress  for  turning 
he  discovery  to  economic  account  (see  Appendix,  p.  579,  also  Chap. 
:ill.,  p.  559). 

Prof.  Dawfeins  has  pointed  out  the  great  theoretical  importance  of  this 
Lscovery,  which  "links  on  the  salt-field  at  Carrickfergus  with  those  of 
(arrow  and  of  Cheshire,  and  shows  that  the  Irish  Sea  is  a  basin  in  which 
le  salt-bearing  Triassic  marls  were  deposited.  Tliev  have  since  been 
roken  up  and  denuded,  and  it  remains  to  be  proved  how  far  they  are 
5iitinuoiLs  under  the  sea,  eastwanl  to  Barrow  and  to  the  north-west  in 
be  direction  of  Carrickfergus."  * 


»  Rep.  British  Assoc,   Liverpool,   1896,  p.  778 ;    also  Trans.    Manch, 
reol.  Soc.,  vol.  xxil,  pt.  xxi, 
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No.  6.— Point  of  Ayre  Seoond  Boring. 

Summary  of  Section. — (See  also  Appendix  III.,  p.  585.)  Ft.  in. 

Riiised  Beach ;  shingle -       16    0 

GLicial  Drift : — consisting  of —  Ft. 

Sand  and  gravel  with  broken  marine  shells  -  97 
Stony  clay  with  some  sand  -  -  -  -  102 
Muddy  sand  and  gravel  with  many  shells  -      25 

Reddish  sand  and  gravel  apparently  derived  in 
great    part  from   Triassic  rocks;  shell  frag- 
ments very  small  and  rare  ;  a  large  boulder  9 
feet  above  the  base        -        -        -        -        -    123 
Local  drift  of  reconstructed  Triassic  marl  with 
a  few  erratic  pebbles    -----      65 — 412    0 
Disturbed  Triassic  Red   Marl :   probably  partly  recon- 
structed   by    glacial  agency    (containing  a    few 
foreign   pebbles  at  476  feet  from  surfece)  about      65    0 
Triassic  Ked  Marl  (stratified),  with  gypsum  and  rock-salt     382    8 
Triassic  Red  Marl  with  sandy  bancfi     -        -        -         .       44    8 

Total  depth     920    4 

Further  Description. — This  boring  is  near  the  edge  of  the  Raised  Beach 
262  yards  east  of  the  Point  of  Ayre  Lij^hthouse,  and,  as  already  stated, 
only  335  yards  south-east  of  No.  1  Boring.  It  was  sunk  in  1897-^  for 
the  purpose  of  testing  the  extent  of  the  Saliferous  Marls.  Our  field-work 
in  the  Island  had  lieen  completed  iKjfore  it  was  commenced,  but  throu^ 
the  kindness  of  Mr.  J.  Toad  and  Messrs.  Craine  Bros,,  we  have  been 
supplied  >vith  specimens  of  the  cores  at  short  intervals  throu^out  the 
s*,ction  ;  and  the  following  notes,  tvs  well  as  the  fuller  details  of  the  Gladal 
deposits  given  in  the  subseouent  chapter  (p.  340)  have  been  based  on  our 
investigation  of  this  material. 

From  the  base  of  the  Raised  Beach  at  about  16  feet  from  the  surface 
down  to  363  feet  the  drift  was  composed  chiefly  of  stratified  material, 
in  the  main  resembling  that  of  the  other  bonngs,  but  about  mid- 
way containing  a  marine  shell -bed  different  from  anv  deposit 
known  to  exist  elsewhere  in  the  Manx  drifts  (see  p.  342).  Bdov 
the  stratified  drift  we  seemed  to  have  a  thick  mass  of  local  till 
consisting  of  reconstructed  gypseous  Bed  Marl  sporadically  mixed  with] 
a  few  pebbles  of  extraneous  origin.  These  drift  pebbles  were  present; 
in  all  t£e  samples  examined  bv  us  down  to  428  feet  (see  p.  3431  bat  weit  j 
absent  from  the  lower  material  at  453  feet  and  at  462  teet,  which  oonsistel| 
entirely  of  broken- up  marl  and  gypsum,  until  the  depth  of  476  feet  WMJ 
reached,  where  in  the  specimen  sujiplved  to  us,  the  foreign  pebbles  if*j 
appeared.  If  the  depth  was  correctly  marked  on  our  specimen,  this 
indicate  that  large  masses  of  the  upper  portion  of  the  marl  have 
and  there  been  displaced  en  bloc  by  glacial  action,  after  the  manner 
known  in  the  east  of  England.  In  the  journal  of  the  borinff,  however, « 
drift  seems  to  have  been  recognised  below  363  feet,  and  the  cmssificatioD '' 
the  summary  given  above  rests  on  the  evidence  of  our  specimens  (see  ] 

Although  no  extraneous  material  was  observed  in  the  samples 
476  feet,  the  marl  continued  to  present  a  reconstructed  aspect, 
original  bedding,  down  to  a  depth  of  about  535  feet  where  its  strat 
first  became  apimrent.    The  dips  were  irregular  ana  the  material  d 
for  some  distance  further ;  and,  in  fact,  the  cores  throughoat  a[^pear 
show  much  irregularity  in  this  respect,  which  mav  perhaps  be  c 
by  local  subsidences  of  the  marls  into  hollows  left  by  the  remoi 
salt  in  solution. 

The  chi<%f  saliferous  beds  lay  between  the  depths  of  604  and  875  feet^ 
mineral  occurring  in  numerous  bands,  either  pure  or  mixed  with  iwf 
proportions  of  marl  (for  full  details  see  Appendix  III.,  p.  5861    il 
ollowing  statistics  of  l\ie  ^\\>  ds^ita  of  this  boriiif;  have  b^ui  puoad 
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isposal  by  Mr.  Todd : — Salt  (cores  obtained;  76  ft.  8  in.;  Salt  with 
20  per  cent,  of  Marl  10  ft.  4  in.;  Salt  with  about  25  per  cent,  of  Marl 
Salt  with  about  50  per  cent,  of  Marl  8  ft.  3  in.;  Marl  with  about  30 
nt.  of  Salt  11  ft.  6  in.;  Marl  with  about  10  per  cent,  of  Salt  2  ft.  10  in. 
>w  875  feet,  to  the  bottom  of  the  boring,  the  niarls  were  interstratified 
thin  bands  of  marly  sandstone  of  the  usual  character  of  such  inter- 
)ns  in  Keuper  Marls. 

neral  Deductions  from  the  foregoing  Evidence. 

0  fine  series  of  borings  above  described  enable  us  to  construct 
tion  completely  across  the  extreme  north  of  the  Island, 
E.N.E.  to  W.S.W.,  as  shown  in  Plate  V.  We  will  now  proceed 
icuss  this  section  and  the  probable  *  solid '  stratigraphy  of 
)w  ground  to  the  southward. 

New  Bed  Bocks. 

e  Triassic  and  Permian  strata  of  our  section  correspond 

J  to  the  rocks  of  similar  age  on  the  opposite  Cumberland 
orth  Lancashire  coast,  the  chief  difference  being  that  the 
lesian  Limestone,  which  is  reduced  to  a  thickness  of  about 
)et  at  Whitehaven,  is  altogether  wanting  in  the  Lsle  of  Man. 
5  Manx  Rod  Rocks  are  even  more  stronriy  unconformable 

the  underlying  Carboniferous  than  on  the  mainland ;  and 
)robable  that  they  have  once  extended  across  the  denuded 

of  the  Carboniferous  strata  up  to  and  over  the  flanks  of 
ifanx  Slates  of  the  central  massif  exposed  by  Pre-Permian 
»n,  exactly  as  they  overlap  upon  the  Skiddaw  Slates  on 
estem  margin  of  the  Lake  District.  Some  traces  of  this 
ip  seem  still  to  be  preserved,  in  the  occurrence  of  bodies 
jmatite  and  the  prevalence  of  red  staining  in  the  lodes  and 
i  in  the  slates  in  the  north-eastern  comer  of  the  massif. 
e  gentle  dip  and  undisturbed  condition  of  the  New  Red 
s  throughout  the  borings,  in  strong  variance  with  the  steep 
ind  disturbed  state  of  tne  underlying  Carboniferous  strata, 

1  that,  as  compared  with  the  Pre-Permian  disturbances,  the 
ments  in  this  district  since  Triassic  times  have  been 
vely  simple.  As  on  all  the  opposite  shores  of  the  Irish  Sea, 
later  movements  of  elevation  and  depression  seem  to  have 
led  relief  through  normal  feulting  only.  That  the  northern 
of  this  sea-basm  was  already  troughed  out  in  Permian 
is  in^cated  by  the  manner  in  which  the  New  Red  Rocks 
stributed  in  depressions  adjacent  to  its  shores,  in  the  north - 
)f  Ireland  and  the  south-west  of  Scotland,  as  well  as  in  the 
-west  of  England. 

3  direction  of  dip  of  the  Red  Rocks  was  not  actually 
nined  in  the  borings,  but  the  incoming  of  the  higher 
)ers  of  the  series  towards  the  north-east  is  sufficient  to  show 
heir  general  dip  must  be  approximately  in  that  direction 
ne  of  section  shown  in  Plate  V.  is  therefore  somewhat  oblique 
dip. 
J  strong  probabDity  that  the  neighbouring  part  of  the  Irish 

3  mainly  underlain  by  the  rocks  of  this  age  will  deserve 
1  consideration  in  case  the  proposed  scheme  for  a  submarine 
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tunnol  between  Scotland  and  Ireland  should  ever   reach  the 
practical  stage. 

Lower  Carbojiferoaa  Sjriej. 

The  disturbed  condition  of  the  Carboniferous  strata  in  the 
borings  precludes  any  positive  conclusion  as  to  their  sequence  or 
direction  of  strike.     They  appear  to  have  been  more  severely 
affected  than  the  rocks  of  this  age  in  the  south  of  the  Island. 
Judging  from  the  analogy  affbrded  by  the  Carboniferous  rocks  of 
other  districts,  it  seems  likely  that  their  general  strike  will  run 
more  or  less  paralled  to  the  nearest  margin  of  the  old  slate- 
massif,  and  therefore  approximately  east  and  west,  with  a  geneni 
northerly  dip.     This  agrees  with  the  conclusion  reached  on  other 
grounds,  that  the  newer  members  of  the  series  occupy  the  more 
northerly  positions,  and  that  the  line  of  the  borings  divems 
north-eastward  at  a  low  angle  from  the  strike  of  the  strata.    Tha 
fossil  evidence  is    unfortunately    too  scanty  to  afford    muck 
assistance,  as    the  species    recorded  are    aft    common    Lower 
Carboniferous  forms.     The  absence  of  the  corals  found  in  the 
calcareous  bands  of  the  Peel  Series  is,  however,  noteworthy. 

It  seems  probable,  then,  that  the  massive  limestone  ol  No.  J 
Bore  is  the  lowest  strati^phical  horizon  which  has  been 
reached.  From  the  geological  standpoint  it  is  to  be  regretted 
that  this  boring  was  not  carried  aeeper,  though  of  course 
nothing  of  economic  value  was  likely  to  be  thereby  attained 
As  the  case  stands,  with  allowance  for  the  dip  we  find  that 
about  45  feet  of  limestone  was  penetrated,  which  is  the  thickest 
mass  of  calcareous  rock  passed  through  in  the  borings. 

In  the  next  section  north-eastward  (No.  2  Bore!  the 
Carboniferous  rocks  contained  at  first  only  thin  bands  oi  lime- 
stone, subordinate  to  calciireous  sandstone  and  shale,  but  thicker 
limestones  were  reached  at  the  bottom  of  the  boring. 

In  the  succeeding  boring  (No.  4)  the  first  282  ft^  of  Low 
Carboniferous  rocks  consistea  of  62  ft.  of  sandstone,  underliui 
by  220  ft.  of  dark  sandy  shale ;  and  bands  of  limestone  made  their 
appearance  only  below  that  depth. 

Finally  in  the  boring  (No.  5)  farthest  to  the  north  and  east 
which  has  hitherto  reached  the  Carboniferous,  it  consisted  to 
about  140  feet  of  sandstone  and  sandy  shale  only,  containing 
plant-remains  as  well  as  marine  shells,  and  below  there  irart 
impure  limestone  bands  among  the  shales. 

Thus  the  last  three  sections  all  showed,  thoueh  in  varyinf 
degree,  the  same  tendency  towards  a  downward  passage  inte 
limestone,  the  borings  being  suspended  when  the  thicker  bani 
of  limestone  were  reached.  This  leads  to  the  conclusion  thit 
th3  sequence  consists  of  a  series  of  sandstones  and  shales,  witk 
thin  limestone  bands  m  their  lower  part,  overljdng  moie 
massively-beclded  limestone  of  unknown  thickness. 

It  is  noteworthy  that  no  trace  whatever  was  found  of  tk 
Carboniferous  Volcanic  Series  of  the  south  of  the  Island. 

^  Aa  measured  iq  the  borehole ;  not  corrected  for  dip. 
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As  regards  the  hypothetical  downward  continuation  of  the 
section  below  the  Carboniferous  limestone  touched  in  No.  3  Bore, 
[  think  the  most  probable  inference  is  that  rocks  equivalent  in 
Aee  and  similar  in  character  to  the  Peel  Sandstone  will  occupy 
this  position.  Indeed  the  absence  from  all  the  borings  of  any 
rocks  comparable  to  the  Peel  Series  seems  necessarily  to  imply 
that  if  the  series  is  represented  at  all  in  the  north  of  the  Island, 
it  must  lie  below  the  Carboniferous  Limestone  found  in  the 
borings.  If  Cumming's  suggestion  be  correct,  that  the  Peel  Rocks 
represent  simply  a  bell  of  shore-deposits  of  the  early  Carbonif- 
erous sea,  like  the  conglomerates  ot  Langness,  it  is  possible  that 
they  may  have  passed  laterally  into  Carboniferous  Limestone 
(a8  similar  beds  are  known  to  oo  at  the  western  margin  of  the 
Uarboniferous  basin  in  Ireland)  at  a  short  distance  from  the 
flanks  of  the  slate  massif/  and  may  therefore  have  become 
attenuated  and  largely  replaced  by  limestone  before  reaching  the 
northern  limits  of  the  island.  But  in  view  of  their  considerable 
thickness  north  of  Peel  and  the  far-drifted  and  non-local  aspect  of 
many  of  their  pebbles,  it  seems  more  probable  that  the  sandstones 
have  originally  extended  over  a  wiae  tract  of  sea-bottom,  and 
therefore  are  likely  to  underlie  the  Carboniferous  Limestone  of 
the  northern  plam,  and  if  fully  developed,  to  represent,  as  in 
some  parts  of  Scotland,  the  transition  from  Upper  Devonian  to 
Carboniferous  times.  The  resemblance  between  the  Peel  Series 
and  the  Calciferous  Sandstones  which  form  the  lower  portion  of 
the  Carboniferous  system  in  Kirkcudbrightshire,  commented  on 
m  the  preceding  chapter  (p.  265),  suggests  a  common  basin  ol 
deposition,  that  would  probably  incluae  the  north  of  the  Island, 
which  is  over  12  miles  nearer  that  coast  than  is  the  Peel 
outcrop.  If,  therefore,  the  beds  underlving  the  Carboniferous 
Limestone  had  been  penetrated  in  the  bonngs,  it  is  probable 
that  they  would  have  oeen  found  more  to  resemble  the  rocks 
of  the  same  age  in  Scotland  than  those  in  Cumberland. 

The  most  probable  downward  seauence  of  the  concealed  Lower 
Carboniferous  strata  of  the  north  of  the  Island  will  therefore  read 
as  follows : — 

3.  Sandstones  and  shales,  with  thin  limestone  bands  in 
the  lower  part. 

2.  Limestones. 

1  Sandstones  and  Conglomerates  of  the  Peel  Series. 
The  already  proved  extent  and  diversitv  of  these  rocks  indicate 
that    their   aggregate   thickness    must    6o    gi*eat,   certainly  far 
exceeding  that   of  the  Carboniferous  strata  of  the  south  of  the 
Island ;  it  mav  reach  some  thousands  of  feet. 

Probable  Stratigraphy  of  the  Low  Ground  South  of  the  Borings. 

As  mentioned  at  the  conmiencenicut  of  the  present  chapter, 
between  the  borings  and  the  nearest  outcrop  of  trie  Manx  Slates 
there  is  a  space  from  4|  to  7  miles  wide,  stretching  right  across 

*  For  general  discussion  of  the  lacts  relating  to  Ireland  see  O.   H. 
Kinahan's  "  Geology  of  Ireland,"  p.  64  et  seq.    (London,  8vo.,  1878.) 
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the  Island,  in  which  evidence  as  to  the  solid  geologj'  is  lacking 
but  for  which  it  was  imperative  to  prepare  a  conjectural  reading, 
in  order  to  complete  the  *  solid  *  edition  of  the  geological  map  in 
accordance  with  the  conventional  system  adopted  by  the  Geo- 
logical Survey  of  showing  the  *  solid '  colouring  in  all  tracts  not 
covered  with  alluvium.  This  area,  of  over  40  square  tniles,  is, 
to  all  intents  and  purposes,  geologically  9.  portion  of  the  bottom 
of  the  Irish  Sea,  wnich  has  been  converted  into  dry  land  by  the 
locally  profuse  deposition  of  Glacial  drift.  The  *  solid '  lines 
adopted  for  this  tract  are  necessarily  and  essentially  hypotheti- 
cal ;  hence  a  brief  statement  of  the  considerations  which  have 
weighed  with  me  in  drawing  them  may  be  found  useful. 

Starting  in  the  extreme  north,  at  tne  Point  of  Ayre,  we  have 
to  deal  first  with  the  Triassic  Saliferous  Marls  revealed  in 
Bores  Nos.  1  and  6.  We  know  that  these  rocks  do  not  extend 
westward  to  Bore  No.  5 ;  and  concluding,  for  reasons  already 
stated,  that  their  dip  is  probably  towards  the  north-east,  we  finJ, 
by  calculation  from  their  proved  thickness  that  their  line  of  out- 
crop is  likely  to  be  just  covered  by  the  tract  of  Raised  Beach  and 
Blown  Sand  forming  the  eastern  part  of  The  Ayre  ;  and  as  these 
superficial  deposits,  being  akin  to  Alluvium,  are  shown  on  the 
'  solid '  map,  we  gladly  evade  the  necessity  for  separately  colour- 
ing or  drawing  a  boundary-line  for  the  Marls. 

The  St.  Bees  Sandstone  which  directly  underlies  the  drift  in 
Bores  Nos.  5,  4,  and  2,  is  likely,  from  its  thickness  and  gentle 
dip,  to  extend  for  some  distance  inland  in  the  eastern  portion  of 
the  tract,  outcropping  from  beneath  the  Saliferous  Marls  near 
the  southern  margm  ot  the  Raised  Beach,  while  westward  it  is 
probably  faulted  oft'  against  the  Carboniferous  Limestone  of  Bore 
No.  3.  as  already  described.  The  proved  existence  ofthisPost- 
Triassic  fault,  taken  in  conjunction  with  the  known  prevalence  of 
faults  in  the  Carboniferous  rocks  in  other  parts  of  the  Island, 
and  on  the  opposite  Cumberland  coast  (where  the  Whitehaven 
coalfield  is  cut  into  strips  by  dislocations  of  two  distinct  ages, 
some  being  Pre-Pemu'an  and  others  Post-Triassic),  leaves  no 
doubt  that  many  other  faidts  must  exist  in  the  area  we  are 
considering,  and  must  profoundly  modify  its  stratigraphy.  But 
we  are  compelled  to  ignore  this  factor  except  in  the  one  case 
proven,  and  to  Ciilculate  the  inland  extension  of  the  St..  Bees 
Sandstone  from  its  known  thickness  and  probable  north-easterly 
dip. 

The  Permian  Brockram  and  associated  beds  proved  in  Bores 
Nos.  4  and  5,  are  shown  as  a  narrow  belt  outcropping  along  the 
southerly  margin  of  the  St.  Bees  Sandstone,  the  breadth  being 
somewhat  exaggerated  on  the  one-inch  map  for  the  sake  of 
clearness.  On  the  evidence  of  Bore  No.  2,  it  is  indicated  that 
these  rocks  are  cut  off  westward  by  the  above-discussed  fault. 

There  is,  however,  some  probability  that  the  Permian  and 
Triassic  strat^i  may  stretch  farther  southward  on  the  eastern 
side  of  the  Island  than  we  have  ventured  to  extend  thera  ;  they 
may,  indeed,  in  this  quarter  entirely  overlap  the  Carboniferoii 
Limestone. 
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Tlie  Carboniferous  Limestone  Series,  which  was  found  to  be 
covered  by  the  New  Red  Rocks  in  all  the  borings  except  No.  3, 
is  shown  outcropping  to  the  southward,  in  a  broad  belt  on  the 
west,  narrowed  eastward  by  the  above-mentioned  fault  and  by 
the  unconformable  overlap  of  the  Permian  and  Trias.  The 
southern  boundary  has  been  bravely  drawn  parallel  to  the  north- 
em  termination  of  the  slate  massif,  but  can  be  justified  only  by 
the  necessity  of  placing  it  somewhere  between  the  Red  Rocks 
and  the  mountains. 

It  is  clear  that  the  massif  has  been  truncated  at  some  period 
prior  to  the  Glacial  epoch  by  marine  action.  Hence  we  must 
presume  that  there  exists  at  the  foot  of  the  old  clifts  a 
platform  of  erosion  in  the  Manx  Slates,  stretching  northward 
and  marking  the  extent  to  which  the  clififs  have  been  cut  back. 
The  greater  part  of  this  platform  will  lie  beneath  the  alluvium 
of  the  Curragh,  and  in  this  tract  we  escape  the  responsibility 
for  delineating  it ;  but  on  both  flanks  of  the  Island  the  drift  is 
heaped  up  on  it  above  alluvium-level,  and  there  it  has  been 
represented.  Its  breadth  is  a  matter  of  pure  surmise,  and  is 
likely  to  be  less  than  we  have  allowed. 

We  have  now  to  fill  in  the  space,  still  far  too  wide,  between 
the  edge  of  this  platform  and  the  southern  boundary  of  the 
Carboniferous  Limestone  Series ;  and  the  only  rocks  available  for 
this  purpose  seem  to  be  the  hypothetical  equivalents  of  the  Peel 
Series.  There  is,  indeed,  a  distinct  probability  that  strips 
of  Silurian  and  Devonian  may  lie  hidden  m  this  quarter, 
but  it  is  out  of  the  question  to  introduce  rock-systems  into 
the  map  without  some  kind  of  evidence  for  their  existence. 
If  a  boring  were  sunk  to  the  solid  rocks  in  the  middle 
of  the  plamin  the  neighbourhood  of  Andreas  it  could  not 
feil  to  throw  light  upon  these  problems,  but  unfortunately 
there  is  no  likenhood  that  it  would  yield  results  of  economic 
value,  and  therefore  little  chance  that  it  will  ever  be  undertaken. 

Hence,  however  disinclined  we  may  feel  to  allow  such  broad  out- 
crops to  the  Lower  Carboniferous  rocks  and  to  their  suppositious 
basement  beds,  especially  when  we  bear  in  mind  the  higii  dips  of 
the  former  in  all  the  borings  and  of  the  latter  at  Peel,  there  seems 
at  present  to  be  no  better  alternative  than  that  which  has 
been  adopted,  given  the  necessity  for  producing  a  map  of  the 
area  on  the  existing  evidence. 
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CHAPTER  VIII. 

THE  IGNEOUS  ROCKS. 

Introductioii. 

The  particulars  as  to  the  localities  and  mode  of  occurrence  of 
the  igneous  masses  and  dykes  of  the  Island  have  been  given 
along  with  the  topographical  details  of  the  sedimentary  rocks 
into  which  they  are  mtrusive  ^Chapters  IV.  and  V.),  so  that  it 
remains  only  to  discuss  their  classification,  general  relationship 
and  petro^aphical  characters  in  the  present  chapter.  The 
petrographicai  study  of  the  rocks  has  been  carried  out  by  my 
former  colleague,  Professor  W.  W.  Watts,  as  explained  on  p.  95 ; 
and,  unless  otherwise  stated,  the  descriptions  of  microscopic 
slides  and  general  petrographicai  notes  given  in  the  followmg 
pages  are  from  his  pen. 

The  dyke-rocks  of  the  Island  are  especially  numerous  and 
varied,  and  their  study  is  in  many  instances  rendered  peculiarly 
difficult  by  reason  of  the  great  mechanical  deformation  and 
mineral  alteration  which  they  have  undergone.  Several  distinct 
periods  of  intrusion  are  represented ;  but  owing  to  the  limited 
range  of  the  sedimentary  rocKs,  the  age  of  the  different  intrusions 
can  be  only  approximately  deterauned,  though  their  relative 
order  can  sometimes  be  fixed  within  certain  limits.  The  time- 
classification  adopted  for  the  igneous  rocks  is  therefore  as  follows : 

including  by  far  the  greater  part  of 
the  basic,  intermediate  and  acia  dvkes 
and  bosses  intrusive  into  the  Manx 
slates ;  and  also  the  granites. 

chiefly  confijied  to  the  basic  intrusions 
in  the  vicinitv  of  the  Carboniferous 
volcanic  outourst  at  Scarlet,  but 
doubtfully  represented  by  a  few  basic 
dykes  in  tne  Manx  slates  of  other  parts 

comprising  only  the  olivine-dolerite 
group  of  dykes,  supposed  to  be  of 
Tertiary  age. 


/.  Pre-Carb(yfiiferaii8 


II.  Carboniferous 


\ 


III.  Post'Carbonifermvs 


I.  Pre-Carboniferous  Intrusions. 

The  proof  that  the  small  basic  and  intermediate  dykes  by 
which  the  Manx  slates  are  riddled  are  in  most  cases  of  Pre- 
Carboniferous  age  is  directly  afiorded  by  the  sections  at  Langness 
(described  in  Chap.  V.),  where  the  basal  conglomerate  of  the 
Carboniferous  is  seen  to  rest  upon  the  denud^  edges  of  these 
dykes,  as  shown  in  Fig,  50,  p.  191.  ITie  ^nites  and  t^eir 
associated  elvans  are  proved  by  the  field-evidence  to  be  newer 
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than  most  of  these  'greenstones.'  The  evidence  that  they  also 
are  Pre-Carlx)niferous  is  less  direct,  resting  mainly,  so  far  as 
the  Island  alone  is  concerned,  in  the  sheared  condition  of  many 
of  the  elvans  from  the  effect  of  earth-movements  which  were 
probably  Pre-Carboniferous  (see  p.  72  et  seq.y  On  like  evidence, 
and  because  of  their  absence  from  the  Carboniferous  tracts  in 
spite  of  their  presence  in  adjacent  slates,  the  mica-traps  and 
some  other  dyke-rocks  are  believed  to  be  also  Pre-Carbomferous. 

Before  further  discussing  their  groupmg  and  petrographical 
characters  it  will  be  advisable  to  give  a  brief  recapitulation  of 
the  general  condition  of  the  rocks  in  the  field.  The  basic 
and  most  of  the  dykes  cLissed  as  intermediate  may  for  this 
purpose  be  combined  into  a  group  to  which  the  old  term 
'  jjreenstone '  is  roughly  applicable — and  indeed,  in  many  cases 
\vnen  the  rock  is  much  altered,  no  closer  definition  of  its 
aflftnities  is  attainable.  These '  greenstones '  however  may  include 
rocks  of  dififerent  ages ;  and  they  vary  much  in  their  present  condi  • 
tion,  thouffh  probably  all  are  Pre-Carboniferous  ;  on  the  published 
map  they  have  been  sub-divided  according  to  state  of  preservation 
into  two  sets,  lettered  respectively  B^  (*  Greenstones ')  and  B® 
(*  Altered  Greenstones  *). 

The  majority  of  the  'greenstone'  dykes  are  small  in  size, 
ranging  from  a  few  inches  to  3  or  4  feet  across ;  a  few,  however, 
are  larger,  attaining  a  width  of  10  or  20  feet,  but  rarely  more. 
They  usually  strike  in  the  same  direction  as  the  slates,  though 
sometimes  locally  diverging  from  this  direction  on  the  crests  of 
folds  and  in  traversing  the  harder  portions  of  the  Slate  series. 

From  this  parallelism  of  strike  the  dykes  often  resemble  and 
have  sometimes  been  mistaken  for  sills ;  but  almost  invariably 
a  deep  section  at  right  angles  to  the  strike  will  show  that  the 
bedding  of  the  sedimentary  rock  is  cut  wherever  it  swerves  from 
the  ' dominant  direction  of  dip'  (p.  73),  as  in  the  crests  and 
troughs  of  folds.  This  *  dominant  dip,*  as  previously  explained, 
is  essentially  a  'shear-cleavage'  (p.  81).  Like  the  dykes,  it 
maintains  its  direction  in  places  where  the  true  bedding  of  the 
slates  is  locally  aberrant.  It  is  instructive  to  find  that  the 
parallelism  of  the  dykes  with  the  shear-cleavage  is  usually 
maintained  where  both  cross  the  true  bedding. 

The  sedimentary  rocks  must  have  been  folded,  packed,  and  in 
places  reduced  to  the  condition  of  '  crush-conglomerate '  before 
the  injection  of  these  dykes  (p.  68  and  Figs.7,14);  but  it  is  none  the 
less  certain  that  the  area  has  undergone  further  movement  since 
their  injection,  as  the  dykes  have  been  severely  torn  and  crushed. 
In  a  few  instances  thej^  even  seem  to  have  been  sharply 
folded ;  as,  for  example,  in  the  cliff  between  Tableland  Point 
and  Port-e-Myllin,  near  Ramsey,  and  ajjain  on  the  west  coast  in 
Niarbyl  Bay ;  but  in  such  cases  it  is  difficult  to  decide  whether 
the  structure  is  true  folding,  or  is  due  to  the  molten  rock 
having  followed  an  already  folded  bedding-plane. 

Owing  to  the  distortion  they  have  imdergone,  it  is  rare  to  find 
the    older  dykes  continuous  for  many  yards,    either    horizon- 
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tally  or  vorticixlly.  The\  have  generally  been  dragged  out  into 
a  series  of  curved  and  disconnected  lenticles,  as  shown  in  the 
diagram  Fig.  31  (p.  88),  and  the  section  Fig.  43  (p.  175).  There  are 
many  indications  that  the  later  movements  have  been  intensified 
along  the  dyke-filled  fractures,  and  have  there  produced  their 
greatest  effect.  Probably  the  dyke-rock  was  less  amenable  to 
stretching  than  the  country  rock,  and  was  consequently  dragged 
into  segments. 
The  remarkable  changes  in  intimate  structure  that  have  taken 

Slace  in  the  smaller  dykes  in  consequence  of  these  movements 
eserve  especial  notice.  The  'greenstones'  are  frequently 
sheared  into  a  platy  grey  schist,  scarcely  distinguishable  from 
the  surrounding  slate-rock,  so  that  in  small  exposures  it  is  often 
extremely  difficult  to  recognise  them  as  intrusive  rocks ;  and,  as 
will  presently  be  shown,  their  original  structure  has  been  so 
thoroughly  obliterated  in  such  cases  that  even  the  microscope 
can  lend  but  little  aid  in  discriminating  them. 

Every  stage  in  the  crushing  of  these  dykes  may  be  studied, 
from  a  mere  slight  fracturing  and  distortion  of  the  original 
crjrstalline  constituents  to  the  production  of  a  calc-chlorite  schist 
in  which  all  trace  of  igneous  structure  is  lost.  In  intermediate 
stages  it  frequently  happens  that  the  intrusive  character  of  the 
rocK  is  more  readily  recognised  in  hand-specimens  than  in 
microscopic  slides,  owing  to  the  extremely  decomposed  condition 
of  the  minerals.  For  the  same  reason  it  is  comparatively  easy  to 
separate  in  the  field  certain  highly-sheared  fine-grained  green- 
stone-schists, usually  of  pale  grey  or  greenish-blue  tints — 
probably  representing  the  oldest  *  greenstone '  intrusions  of  the 
Island — from  other  dykes  which  are  less  sheared,  darker  and 
greener  in  colour,  coarser  in  texture,  and  probably  of  later  age, 
though  the  difference  between  them  is  scarcely  observable  under 
the  microscope. 

Sometimes  in  the  broader  dykes  the  mar^n  is  crushed  down 
to  a  schist,  while  the  interior  is  comparatively  uncnished  and 
exhibits  the  original  igneous  structure,  even  though  its  original 
minerals  arc  much  decomposed.  The  Horse  Rocky  under  the 
Kioney  Ghoggaii  olifi's,  described  on  pp.  175-6,  attbrds  a  good 
example  of  this  condition. 

The  micro-granite  dykes  or  elvans  associated  with  the  Foxdale 
Granite  and  with  the  Dhoon  Granite,  as  previously  stated,  are 
distinctly  newer  than  the  greenstones  (pp.  128,  168,  and  Figs.  35, 
36),  and,  on  the  whole,  are  much  less  crushed.  They  have  never- 
theless undergone  considerable  deformation,  especially  along 
their  margins  or  where  exceptionally  thin,  and  have  been  broken 
into  segments  like  the  greenstones  (see  p.  171,  and  Fig.  4),  and 
occasionally  reduced  to  a  platy  schist. 

A  few  general  notes  on  the  local  distribution  of  the  Pre-Car- 
boniferous  dykes  may  be  useful  here.  The  '  greenstones '  are 
found  in  every  part  of  the  Manx  Slate  area,  but  are  unequally 
distributed.  It  is  in  the  coast-sections  that  they  are  most 
readily  recognised  ;  in  the  interior,  as  a  rule,  they  weather  more 
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rapidly  than  the  country  rock,  and  consequently  their  presence 
is  often  concealed,  or  is  indicated  only  oy  the  occurrence  of 
fnigmcnts  of  rotten  ferniginous  schist.  They  are  most  abundant 
in  the  tracts  of  striped  slates  and  slaty  tlaj^s,  especially  in  such 
rocks  in  the  south  and  south-east  of  tlie  Island,  and  are  rarest 
among  the  harder  greywackes  and  grits ;  in  one  place,  however, 
— around  St.  Ann's  (Santon)  Head — they  are  rather  mimerous 
amonij  rocks  of  the  last-mentioned  type.  The  high  ridges  of 
BamiTe  Slate  in  the  middle  of  the  Island  do  not  appear  to  con- 
tain many  of  these  dykes,  though  they  are  abundant  in  the 
flaggy  slates  on  both  flanks.  Few  were  found  in  the  north- 
western corner  of  the  massif,  west  of  Sulby  Glen,  but  this  may 
be  in  part  due  to  the  weathered  character  of  most  of  the  rock- 
exposures  m  that  district. 

On  the  coast  the  dykes  tend  to  form  clusters,  in  which 
they  are  thickly  set,  with  intervx^ning  tracts  contiiining  only 
isolated  dykes.  Their  development  appears  to  reach  its 
maximum  in  the  vicinity  of  the  coast  on  both  sides  of  the 
Island,  if  it  be  not  that  the  clift-sections  foster  an  erroneous 
impression  in  this  respect.  On  the  east  coast  they  are  particularly 
abundant  on  Langness  and  the  coast  northward  to  Port  Grenaugh; 
and  in  Bulgham  Bay  and  its  vicinity;  and  on  I  he  west  coast 
north  of  the  reel  Sandstone;  and  agam,  south  of  Port  Erin.  Their 
strike  in  individual  outcrops  throughout  the  Island  is  most  com- 
monly w.20^-30S. — E.20^-30  N. ;  but  it  is  evident  that,  Jis 
discussed  and  illustrated  at  p.  88,  Fig.  81,  their  true  direction 
as  a  whole  is  more  netirly  s.w. — n.e. 

The  bosses  or  segments  of  OTcenstone  shown  in  Fig.  41,  p.  162, 
aflords  a  further  instance  of  tYiis  arrangement.  These  appear  to 
form  part  of  a  chain  tracetible  north-eastward  from  near  Dalby 
to  an  area  north  of  the  central  valley.  Small  isolated  bosses 
of  the  same  kind  occur  here  and  there  in  other  parts  of  the 
Islimd ;  they  may  possibly  represent  the  main  conduits  of  the 
molten  miitter,  from  which  the  dykes  were  fed. 

The  micro-granite  dykes  are  much  more  confined  in  their 
distribution,  being  found  only  in  the  central  belt  of  the  massif, 
as  described  in  a  previous  chapter  (p.  114)  and  shown  in  the 
sketch-map,  Fig.  29.  The  majority  are  clearly  connected  with 
the  two  prmcipal  granitic  intrusions.  Their  general  direction  is 
nearly  the  same  as  that  of  the  greenstone  dykes ;  their  dissocia- 
tion with  the  belt  of  altered  slates  has  been  previously  discussed 
(p.  114). 

The  remaining  Pre-Carboniferous  dykes  include  a  few  mica- 
traps,  felsites,  and  rocks  of  ill-detined  characters.  Tlie  conditions 
imder  which  these  occur  are  usually  like  that  of  the  dykes 
already  described ;  further  information  regarding  them  wiU  be 
found  in  subsequent  pages. 

The  followinj(  notes  on  the  greenstones,  with  their  petro- 
graphical  classification,  has  been  contributed  by  Professor 
W.  W.  Watts.     Mr.  B  Hobson  included  a  description  of  a  few  of 
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these  rocks  in  his  jmper  "  On  the  igneous  rocks  of  the  south  of 
the  Isle  of  Man/*^  ana  was  the  first  to  apply  the  microscope  to 
their  study ;  they  were  classed  by  him  as  diabases  and  diontes. 


Petrographic  Description  of  the  Greenstones  and 
Mica-Traps.    {Prof.  W,  W.  Watts) 

Diorites  and  Lamprophyres. 

"Tlie  following  slides  are  taken  as  typical  of  this  group  of  dykSs,  and  tbe 
8ubse(iuent  general  description  is  based  on  the  characters  observed  in 
them  : — 

[K.  1800.]  Dyke  at  gullet  near  Hotel  at  Langness :  Diorite  (camptonite). 

[E.  1814.]  Dyke  at  small  ciuarry  in  field  near  wall  n.w.  of  The  Goayr\ 
Langness  :  Diorite  (camptonite). 

[E.  1941.]  Dyke  in  field  20  yards  s.  of  Claberry^  I^iangness  :  Augitic  Diorite 
(camptonite). 

[E.  2538.]  Boss,  coast  200  yds.  n.w.  of  Jimfjfjan  Pointy  Garwick  :    Diorite 
(penetrated  by  granophyre  vein). 

[E.  2503.]  Same  as  [E.  2538],  another  part  of  boss  :   Augite- Diorite  (pene- 
trated by  granophyre  vein). 

[E.  1964.]  Dyke  or  boss  on  shore  at  s.  side  of  Niarbyl,  about  70  yds.  s.w.  of 
cottages :  Altered  Diorite. 

[E.  1811.]  Boss,  west  side  of  Guilet  ny  Guiy,  Langness  :  Camptonite. 

[E.  1816.]  Boss  in  field  s.  of  MartJia  GiUlet^  Langness  :  Camptonite. 

[E.  2090.]  Dyke  on  shore  35  yds.  N.  of  PruoUy  St.  Patrick's  Isle,  Peel  : 
Camptonite. 

[E.  2117.]  Dyke]  8.  bank  of  Glen  Meay,  above  pumping  rod  of  old  mine  : 
Camptonite  ? 

[E.  1971.]  Boss,  in  field  200  yds.  N.20"E.of  Doarlish  Cashe^i^  Dalby  :  Camp- 
tonite, sheared. 

[E.  1815.]  Dyke,  120  yds.  s.  of  wall  at  Martha  Gullet,  Langness :    Augitic 
Camptonite. 

[E.  2120.]  8  ft.  dyke,  arch  of  Stack,  450  yds.  n.e.  of  Port  Soldrick  ;  Augitic 
Camptonite. 

[E.  1970.]  6  ft.  dyke  on  beach  omwsite  Ballynalargy,  Dalby  :  Augitic  Camp- 
tonite with  mica  f 

[E.  2088]  Dyke  at  low- water,  200  yds.  E.  of  Port  Soldrick  :  Augitic  Camp- 
tonite? 

"  It  is  necessary  to  group  together  the  rocks  belonging  to  these  two  types, 
as  there  are  no  sharp  lines  of  division  between  them.  Indeed  this  is  the 
case  with  the  majonty  of  the  Manx  dyke-rocks.  If  a  sufficient  number  of 
dykes  be  examined  it  is  possible  to  obtain  gradations  between  almost  any 

two  types. 

"  Langness  may  be  regarded  as  a  typical  locality  for  the  diorites,  but  they 
are  also  seen  in  many,  other  parts  of  the  Island,  as,  for  instance,  at  Garwick 
and  near  Niarbyl.  Although  they  do  not  precisely  correspond  with 
Kosenbusch's  group  of  camptonites  they  have  so  many  points  in  common 
with  the  genmne  camptonites  of  the  Island  that  they  may  all  be  considered 
together. 


*  Quart.  Joum.  Geol.  Soc.  xlvii.  pp.  432-450 ;  and  Yn  lioar  Manninagh, 

A.  L  pp.  337-348. 

'  Names  of  places  in  italics  are  those  not  given  ou  the  one-inch  map. 
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"  The  characteristics  of  all  these  rocks  is  the  abundance  of  hornblende, 
which  occurs  in  idiomorphic  crystals,  in  which  Mr.  Teall  noticed  the  fol- 
lowing planes  (110),  (010),  (100),  and  (001).  Both  brown  and  green  varieties 
are  common  in  the  same  rock,  and  the  scheme  of  pleochroism  is  as  follows, 
tt  light  brownish  or  greenisn  yellow,  i9  and  7  darker  brown,  brownish 
green,  or  dark  green.  The  brown  variety  has  frequently  a  border  of 
deep  green  mineral  at  its  ends  and  sometimes  at  its  other  edges.  This 
boraer  passes  readily,  and  the  rest  of  the  mineral  a  little  less  readily, 
into  chlorite.  Epidote  is  also  frequently  developed  at  the  expense  of  the 
hornblende.  In  some  rocks  the  hornblende  is  converted  into  a  brown 
granular  product,  which  is  generally  isotropic ;  and  when  the  shape  and 
cleavage  are  not  well  preserved,  it  is  not  easy  to  affirm  the  presence  of 
hornblende  in  the  rock. 

"  In  the  camptonites  the  hornblende  crystals  are  usually  smaller,  and  in 
some  cases,  as  in  slide  [209(y],  they  occur  as  a  mass  of  slender  needles, 
which  penetrate  the  felspars  01  the  ground-mass  in  an  ophitic  fashion. 

"  Augite  is  not  always  present,  but  in  many  examples  a  few  crystals  occur, 
and  in  others  the  augite  becomes  a  very  important  constituent.  It  belongs 
to  the  colourless  variety  known  as  malacolite,  and  it  is  sometimes  little 
altered.  It  may  usually,  however,  be  seen  in  various  stages  of  conversion 
into  pale  green  uralite,  and  this  mineral  is  sometimes  to  be  found  enclosed 
in  the  compact  hornblende  [1941].  The  normal  rock  at  Braggan  Point, 
Grarwick,  b^urs  augite  in  abundance  with  but  little  brown  hornblende,  but 
where  it  is  penetrated  by  an  acid  vein  there  is  abundance  of  brown  nom- 
blende  in  it. 

** A  few  much-decomposed  rocks  have  been  classed  as  augitic  camptonites, 
as  hornblende  is  not  very  plentiful  in  them,  while  they  contain  pseudomorphs 
in  carbonates  and  chlontes  which  appear  to  have  been  augite.  These  occur 
porphyritically. 

'*  Mica  is  not  a  common  mineral  in  these  rocks,  but  it  occurs  in  a  few 
examples  which  will  be  referred  to  later  on. 

"  The  felspars  in  all  these  rocks  are  much  obscured  by  the  development  of 
secondary  minerals,  particularly  epidote,  calcite,  and  sericite.  Both 
orthoclase  and  r>lagioclase  (apparently  oligoclase)  are  present,  the  latter  in 
slight  excess  in  tne  coarse  rocks,  but  in  no  great  (juantity  in  the .  finer  ones, 
wmle  it  is  often  altogether  absent.  In  the  coarse  rocks  the  felspars  are  in 
rounded  grains,  but  m  the  fine  rocks  they  are  in  stumpy  prisms  like  those 
generally  met  with  in  lamprophyres.  In  both  cases  they  are  set  in  a  small 
residuum  of  interstitial  quartz,  and  secondary  quartz  is  generally  associated 
with  a  considerable  mass  of  chlorite. 

"  Iron  ores  are  not  very  abundant,  but  both  magnetite  and  ilmenite  are 
present,  the  latter  frequently  passing  into  leucoxene. 

**  £l)idote  and  zoisite  are  both  common  minerals,  the  former  being 
yellowish-green,  the  latter  almost  colourless.  They  appear  to  have  arisen 
chiefiy  from  alteration  of  the  felspars. 

Textwe. — The  idiomorphic  hornblende  is  the  characteristic  feature  of  all 
the  rocks.  In  the  coarse  rocks  the  texture  is  granular  :  in  the  finer 
grained  it  is  more  like  that  of  Rosenbasch's  lamprophyres,  in  the 
crowded  mass  of  small  felsp^ars  whose  interspaces  are  tilled  with  only 
a  small  quantity  of  interstitial  quartz. 

Veins.— In  the  specimen  [2538.]  which  is  traversed  by  an  acid  contempora- 
neous vein,  this  latter  consists  of  small,  well-twinned  plagioclase 
felspars  ana  orthoclase,  with  much  interstitial  <iuartz  and  epidote  ;  the 
orthoclase  is  associated  with  micropegmatite. 

Dtrouijktfiition, — The  decomposition  of  this  class  of  rocks  is  accomi^anied  by 
tho  i»roduotion  of  much  calcite  and  other  carbonates.  The  form  of  the 
forronmKuesian  constituents  is  genei-ally  well  preserved,  but  that  of  the 
felspars  in  the  ground-mass  is  utterly  obscured  and  lost. 
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Shearing,— TYlq  specimen  [1971.]  is  very  interesting,  as  it  pre^euts  the  eifect 
of  .shearing  m  an  undoubted  camptonite.  The  plagioclase  felspars  are 
i(Iiomorj)hic,  and  have  not  suffered  much  from  the  shearing.  The 
"  eyes  '*'  are  formed  of  brown  hornblende  crystals,  to  which  deep  green 
hornblende  has  fretiuently  been  added  at  the  ends.  The  sides  and  ends 
are  sheared  off,  and  "  tails  "  of  chlorite  formed,  in  which,  however,  there 
are  grains  of  brown  hornblende,  actinolite  needles,  and  occasionally  a 
little  tremolite.  Other  eye-like  patches  of  chlorite  have  probablv  had  a 
similar  ori^n,  as  they  sometimes  contain  a  little  brown  or  else  i^ale 
green  (uralitic)  hornblende. 

Hornblende  Mica-Traps. 

**  Tietween  the  camptonites  just  described  and  the  true  mica-trajis  come 
tiie  following  rocks,  which  bridge  over  this  gap :  — 

[K.  2:591.]    Dyke  or  boss,  cliff  on  S.  side  of  Port  Groudle  (see  p.  15i). 
Hornblende  mica-trap. 

[K.  2r)04.]  Dyke  or  l)oss,  crags  on  golf-links  S.  of  tram-station.  Port  Groudle 
(probably  x)rolongation  of  [2391]).    Hornblende  mica- trap. 

[K.  1810.]  Dyke,  north  end  of  Gtdlet  ny  Cruiy^  Langness  :   much  altered. 
Hornblende  mica- trap. 

"The  chief  constituents  are  brown  and  green  hornblende,  the  latter 
generally  predominating,  and  the  former  having  a  greenish  tinge.  Some- 
times the  idiomorphic  crystals  are  brown  at  the  centre  and  grade  outwards 
into  green  borders,  and  outside  this  is  often  a  fringe  of  actinolitic  horn- 
blende. The  colour  scheme  is  the  same  as  that  already  given.  Biotite 
varies  in  quantity,  but  is  present  in  all  this  group,  or  rather  pseudoniorphs 
in  chlorite  and  o])acite  occur,  imdoubtedlv  after  this  mineral.  The  ground- 
mass  is  made  of  idiomorphic  crystals  of  plagioclase,  and  some  of  ortnoclase, 
both  of  which  in  the  Port  Groudle  specimen  are  surrounded  and  filled  in 
with  a  beautiful  growth  of  micropegmatite ;  a  little  quartz  is  also  present  in 
that  example.    In  other  examples  no  quartz  is  present. 

Biotite  Mica-Traps. 

[E.  1001.]  Dyke  at  e.  side  of  Chasms  near  Port  St.  Mary. 

[E.  1957.]  Dyke  same  as  last ;  in  cliff  at  N.  side  of  Kioney  Ghoggan.      (See 
p.  176.) 

[E.  2091.]  5ft.  dyke,  foreshore  w.  end  of  St.  Patrick's  Isle,  Peel. 

[E.  2123.]  Interior  of  boss,  at  Cave^  N.  end  of  Wills  Strand,  near  Peel. 

[E.  2093.]  Dyke  at  old  slate  quarry ;  Contrary  Head. 

[E.  2119.]  2ft.  dyke,  cliffs,  side  of  Ladder,  Contrary  Head. 

[E.  2399.]  Dyke,  road  below  Neary  Farm,  Glen  Auldyn. 

[E.  2170.]  8ft.  Dyke,  stream-bed  under  bridge  below  Engine  House,  Glen 
iVgneash. 

*'  A  *  uniaxial  \  brown  biotite  is  the  characteristic  phenocrj'st  in  these 
rocks.  Usually  it  is  pale  internally,  but  with  a  deep  and  occasionally  a 
black  border.  Intenially  they  are  fre<iuently  zoned.  The  ground-mass  in 
some  cases  is  like  that  of  a  microgranite  and  [1901]  consists  of  small  crystals 
of  orthoelase  and  plagioc*lase,  mica  Hakes,  and  interstitial  quartz.  In  other 
casas  it  is  made  of  larger  felspars  ophitically  enclosing  small  biotites 
without  any  interstitial  quartz.  No  useful  purpose  would  be  served  by 
grouping  these  rocks  as  Minettes  and  Kersantites.  When  these  rocks  de- 
compose only  the  fonns  of  the  minerals  are  recognisable.  Chlorite  and 
calcite  are  abundantly  produced.  The  rocks  are  not  as  a  rule  much 
sheared. 

**  There  remain  a  few  rocks  \*ith  somewhat  the  habit  of  mica-traps  but  in 
which  no  biotite  remains.  Occasionally  good-sized  porphyritic  crystals  of  a 
white  mica  may  remain,  and  much  muscovite  in  the  form  of  minute  flakes 
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in  the  ground-mass,  together  with  chlorite  and  felspar,  and  generally 
secondary  (quartz.  Idiomorphic  crystals  of  dolomite  are  frequent  in  the 
ground-mass  of  [1947],    The  rocks  are  all  considerably  sheared. 

IE.  1946J.  Dyke,  on  shore  E.  side  of  ChajMil  Bay^  Port  8t.  Mary,  50yds.  s.  of 
first  rocks. 

[E.  1947.)  Dyke  :  same  locality  as  last,  85yds.  s.  of  first  rocks. 

[E.  1949.]  Dyke  :  in  recess  at  Purt  Beg,  St.  Ann's  Head. 

[E.  2539.]  Dyke,  coast  about  150  yards  N.  of  Gob  ny  Garvain,  Maughold. 

[E.  2112.]  Dyke?   gutter  s.  of  BalUujarmin,  near  Arbory,  below  spoil - 
heap. 

Socks  bearing  Forphyritic  Augite. 

"  A  group  of  rocks  occura  which  is  characterised  by  bearing  large  idio- 
morphic  crystals  of  malacolite.  One  or  two  examples  contain  also  a  con- 
siderable proportion  of  hornblende  and  mica,  and  so  have  affinities  with  the 
augitic  lamprophyres,  but  the  rest  are  devoid  of  these  minerals,  so  that  it 
will  be  best  to  consider  them  all  under  the  head  of  porphyritic  diabases. 
The  following  descriptions  of  slides  will  illustrate  the  characters  of  this 
somewhat  diverse  group. 

[E.  1942.]  12ft.  dyke:  Cliflfat  Hango  Broogh  (near  St.  Michael's  Island) 
Langness. 

A  medium-grained,  dark  green,  massive,  crystalline  rock. 

Micro, — The  prominent  feature  is  the  large  i>henocrysts  of 
augite,  of  wnich  there  are  good  cross-sections  showing  (110), 
(100),  (010),  and  (001),  and  another  basal  plane  :  colourless  to 
pale  yellow-brown,  with  only  very  slight  pleochroism  :  con- 
verted along  cracks  into  brown,  highly  refracting,  fibrous, 
slightly  anisotropic  substance.  Next  m  abundance  is  mica,  in 
long  nakeSj  all  converted  into  chlorite,  and  the  usual  darker 
fibrous  seim-opa<iue  substance.  Then  come  small  idiomorphs 
of  hornblende,  brown  and  fresh.  There  is  also  much  sphene, 
which  seems  to  have  been  derived  from  ilmenite,  of  which 
there  is  still  a  considerable  quantity  left.  The  felspars,  as  a 
rule,  are  not  perfect,  and  are  slightly  elon^ted,  muddy, 
altered,  and  often  much  converted  into  sericite ;  they  are 
generally  well  twinned.  Ground-mass  consists  mainly  of 
chlorite  and  quartz,  both  secondary.  The  aflinity  of  the  rock 
appears  to  lie  with  the  lamprophyres  and  mica-traps,  in  its 
tnree  porphyritic  idiocrysts,  and  to  some  extent  in  its  ground- 
mass.  Another  part  of  the  same  dyke  is  represented  by  slide 
SE.  1943.],  which  showed  the  above  features,  with  some  modi- 
ications. 

[E.    2833.]  8ft.    dyke:    Crogga   Glen,    North   of    Lhergey   Fami,    Port 
Sodenck. 

Porphyritic  diabase,  with  augite  phenocrysts. 

Micro. — This  belongs  to  the  type  with  large  porphyritic  augites, 
accompanied  by  hornblende  and  some  mica.  The  augites  are 
idiomorphic ;  malacolite,  somewhat  rounded  and  zoned  with 
opacite  belts ;  they  are  twinned  and  occasionally  grouped  ;  a 
little  brown  hornblende  is  sometimes  contained  in  them. 
Brown  hornblende  is  not  very  abundant  or  well-formed :  in 
long  crystals,  the  ends  passing  into  dark  green,  and  that  into 
pale  green  hornblende  and  actinolite.  A  few  chlorite  replace- 
ments of  brown  mica  occur,  in  which  a  little  of  the  onginal 
mineral  is  still  preserved.  Iron  ores  are  not  at  all  abundant, 
and  are  almost  entirely  converted  into  leucoxene.  The  ground- 
mass  is  of  not  much  elongated  plagioclase  felspars,  set  amongst 
abundant  chorite,  the  felspars  much  alterea  into  a  white 
oparjue  substance,  with  only  slight  reaction  on  polariz^  light. 
'Ihere  is  a  httle  secondary  quartz. 
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[E.  1972.]  Bo83  in  large  quarry  at  Poortown,  near  PeelJ 

An  almost  black  rock,  showing  numerous  fairly  conspicuous 
black  crystals  in  a  fine-grained  dark  green  matrix. 

Micro, — This  rock  is  made  up  largely  of  phenocrysts  of  the  same 
augite  as  m  [1942],  but  tnese  are  associated  in  groups,  idio- 
morphic  externally,  allotriomorphic  internally.   A  considerable 
amount  of  chlorite  is  associatea  with  these  patches,  as  though 
made  from  au^te.     The  ground-mass  is  a  tangle  of  lath-like 
plagioclase,  with  much  chlorite  and  iron  ores,  mainly  ilmenite, 
freely  converted  into  sphene,  and  of  this  there  is  a  fair  quantity 
scattered  through  the  chlorite  and  elsewhere  in  the  rock.    A 
little  aotinolite  is  associated  with  the  chlorite. 

This  rock  probably  belongs  to  the  same  tyi>e  as  [19421  but 
represents  a  slight  concentration  of  the  aumtesin  rather  less  of 
the  ground-mass.  To  name  it  is  difficult,  but  it  may  be  i>laced 
with  the  Augitic  Lamprophyres. 

[E.  1980.]  Horse  Rock,  at  foot  of  cliff  at  Kipney  Ghoggan  (see  pp.  175-6). 

A  dark  green  rock,  slightly  sheared,  with  conspicuous  black 
crystals  in  a  fine-framed  green  matrix. 

A/jfcro.— This  rock  clearly  belongs  to  the  same  tjrpe  as  [1942]  and 
[1972].  In  it  the  augite  is  in  clusters,  and  is  converted  into  a 
a  pale  green  uralite,  slightly  fibrous  and  polarizing  as  though 
more  compact  than  usual.  The  clusters  are  sheared  off  at  their 
ends,  ana  pass  into  chlorite,  with  which  a  little  epidote  is 
associated.  The  felspars  of  the  ground  mass  are  of  fair  size, 
well  twinned,  and  tenaing  to  arrange  themselves  parallel  to  the 
general  shearing.  As  usual,  the  ilmenite  (masses  into  sphene. 
Where  the  ground-mass  is  most  sheared  it  passes  into  an 
aggregate  of  quartz  and  chlorite. 

[E.  2089.]  Dyke  at  Chicken  Rock,  off  The  Calf  (p  173.). 

A  porphyritic  diabase  (augite  and  felspar). 

Micro,— In  addition  to  large  uralitized  augites,  as  in  ("lOSOj,  the 
slide  contains  i>orphyritic  plagioclases,  wnich  are  well  twinned 
and  in  which  the  chief  alteration  is  into  epidote  and  chlorite. 
The  minutely  granular  ground-mass  as  usual  contains  fels]iar, 
chlorite,  quartz,  and  calcite.  The  fairly  abundant  iron  ores  are 
almost  converted  into  sphene. 

**  The  following  slides  also  bear  more  or  less  resemblance  to  those  above 
described,  and  may  be  classed  with  them. 

[E.  1948.]  9ft.  dyke  :  east  comer  of  Purt  Beg,  St.  Ann's  Head. 

[E.  1944.]  Dyke  at  S.E.  side  of  recess  next  north  of  Towlfoggy,  near  Port 
St.  Mary. 

[E.  2483.]  8ft.  dyke,  with  clusters  of  augites  ;  cliff  iV.  of  Dreem-e-jeeihaig, 
Bulgham  Bay. 

Other  Porphyritic  Diabases. 

"  A  large  number  of  the  *  greenstone '  dykes,  though  still  retaining  traces 
of  their  ix)rphyritic  structure  are  too  much  decomposed  to  show  their 
original  composition,  and  therefore  cannot  be  assigned  to  any  particular 
group.  In  these  rocks  the  felspar  is  frequently  the  only  original  mineral 
whicn  can  still  be  recognisetl.  The  three  following  slides  will  suffice  to  illus- 
trate these  rocks. 

[E.  1974.]  Boss  or  dyke  :  headland  N.  of  cave^  Wills  Strand,  N.  of  Peel ;  a 
medium-grained  dark-green  massive  rock. 

'  This  rock  has  been  previously  described  by  Mr.  B.  Hobson.    Op.  cit 
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Micro,  There  are  a  few  porphyritic  felspars,  generally  simply 
twinned  and  sometimes  m  cross- twins,  and  with  internal 
alteration  to  muscovite  as  though  they  were  potash  felspars 
(orthoclase).  The  plagioclase  is  in  long  laths,  with  subophitic 
arrangement,  associated  with  chlorite,  calcite,  and  some  quartz, 
the  bulk  of  the  latter  being  interstitial  and  apparently 
secondary.  Iron-ores  plentiful,  and  apparently  chiefly  mag- 
netite, as  there  is  little  or  no  leucoxene.  A  little  apatite  is 
present.  The  felspar  is  too  much  altered  to  show  the  extinction 
angles. 
"  This  diabase  may  be  taken'as  the  type  of  the  Manx  greenstones  ;  in  many 

respects  it  is  like  the  North  Welsh  and  Conidon  set,  of  post- Upper-Silurian 

date. 

[K  2114.]  10  ft.  dyke :  cliflf  under  the  school-house.  Port  St.  Mary.    A 
crushed  porphyritic  diabase. 

Micro,  Porphyritic  felspars  plentiful,  but  completely  converted 
into  a  sericitic  tangle  ;  a  mere  trace  of  twinning  remains. 
Ground-mass  of  small  twinned  felspars,  secondary  quartz  and 
calcite,  with  some  chlorite.  Some  of  the  carbonate  tangles 
may  represent  augite,  but  nothing  can  be  made  out  of  them. 

[E,  2134.]  Middle  of  Boss :  auarry  200  yards  a.  of  of  high  road  near  Cronk- 
bane,  between  Kirkmichael  and  St.  John's  (p.  137). 
A  porphyritic  diabase,  somewhat  abnormal,  and  rather  acid. 

Micro,  The  undoubted  felspar  phenocrysts  are  converted  into 
jn^anular  aggregates  of  quartz  and  felspar,  which  are  floating 
m  a  ^reat  mass  of  chlonte  ;  the  rock  has  oeen  much  sheared  ; 
sericite  is  present  in  quantity.  Some  of  the  phenocrysts  are 
like  orthoclase. 

[E.  2390.]  *  Boss  or  dyke  intrusive  in  crush-conglomerate  :  quarry  at  Kerroo 

Mooar,  Sulby. 

Mijcro,  This  rock,  which  has  macrascopically  the  appearance  of  a 
diorite,  consists  of  large  irregular  masses  of  plagioclase  (oligo- 
clase  or  andesine),  with  both  albite  and  pencil ne-t winning  ;  the 
edges  are  very  irregular.  The  granular  matrix  is  chiefly  made 
up  of  felspar,  but  it  contains  a  certain  amount  of  quartz,  which 
is  associated  with  calcite,  often  in  large  grains.  Chlorite  is 
now  the  sole  representative  of  any  ferromagnesian  mineral 
which  may  have  been  present ;  it  occurs  in  masses  in  which  the 
fibres  are  arranged  in  one  direction  so  as  to  yield  straight 
extinction.  The  rock  is  an  altered  diorite  or  dolerite,  most 
probably  the  latter.  It  is  this  rock  which  has  afifected  the 
contact  alteration  of  the  crush-conglomerate  described  at  p.  105. 

The  following  dykes,  among  others,  may  be  placed  under  this  heading  : — 

[K  1981.]  Dyke  with  large  sheared  crystals :  Halfway  Rocks^  s.  of  Port 
Erin  (p.  172).  (Plagioclase  felspar  the  most  important  por- 
phyritic constituent.) 

[E.  I960].  8—10  feet  sheared  dyke  :  coast  120  yards  s.  of  Clet  Aldrick^  s.  of 
Port  Erin.    (Plagioclase  felspars  alone  remain.) 

[E.  2003.]  Dyke :  in  grits,  on  CamaneSy  300  yards  s.  of  Ballarock,  near 
Fleshwick.    (Felspar  phenocrysts,  probably  oligoclase.) 

[K  2092.]  1  foot  dyke  :  cliflf  at  Chastal  Vooar,  Contrary  Head. 

[E.  2098.]  Boss  in  field  w.  of  road,  1100  yards  s.  of  Bamelly  Kirk  Patrick. 
(See  p.  162  and  Fig.  41). 

[E.  2821.]  12  ft.  dyke  :  cliflF300  yards  s.  of  Yn  Screggana^h,  Clay  Head. 

[E.  2825.]  Dyke :  road  100  yards  n.  of  Thalloovell,  St.  Mark's. 

^  Reprinted  from  Quart.  Joum.  Qeol.  Soc.  vol.  I  i.,  p.  596. 
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Decomposed  Oreenstones. 

"  We  next  proceed  a  sta^e  further  in  the  degree  of  alteration,  and  find  the 
greenstones,  even  where  not  greatly  sheared,  in  a  condition  such  that 
scarcely  a  trace  of  the  original  structure  remains.  In  the  field,  in  small 
exposures,  the  dykes  of  this  kind  were  very  difficult  to  distinguish  from  the 
hard  bands  of  fine-grained  greywacke  which  sometimes  occur  isolated 
among  the  striped  slates  intermediate  between  the  Barrule  Slates  and  the 
grits  of  the  Manx  Series. 

A  large  number  of  slides  were  therefore  cut  and  examined  to  aid  in  the 
mapping  of  these  rocks  ;  the  6 ve  following  examples  will  show  their  general 
characters*: — 

FE.  1945.]  Dyke  at  landing  stage  in  iTiner  harbour.  Port  St.  Mary.  Light- 
grey  fine-grained  oiabase. 

Micro.  A  very  fine-grained  rock  in  which  twinned  needles  of 
felspar  are  emb«ided  in  a  fine  ground-mass  of  felspar  and 
chlorite ;  pvrites  is  present,  and  carbonates,  probably  of  hme. 
Traces  of  flow-structure  in  direction  of  phenocrysts.  Ferro- 
magnesian  minerals  not  observable.  A  fine  aggregate  of  white 
mica. 

[E.  1951.]  1  ft.  dyke,  apparently  intruded  into  a  larger  greenstone  dyke 
8-;10  ft.  thick.  Cliff  122  yards  s.  of  Clet  Aldrick,  s.  of  Port 
Erin.    Greenish-grey  highly  schistose  rock. 

Micro,  Fine-grained  ground-mass  of  felspar  and  chlorite,  em- 
bedding small  phenocrysts  of  felspar,  not  quite  so  much 
elongated  as  in  case  of  [1945]  though  the  rock  is  clearly  of  the 
same  type.  There  are  some  traces  of  flow-structure  and  also 
shearing.  Some  rather  large  slivers  of  chlorite  occur,  and 
idiomorphic  dolomite  crystals  are  very  abundant. 

[E.  1962]  20  ft.  band  :  Cliff  at  FheuMal,  Niarbyl  Bay.  Medium-grained 
grey  rock  ;  decomposed  diabase. 

Micro.  Shows  igneous  structure  ;  possibly  was  porphyritic : 
little  or  no  snearing  perceptible.  A  confused  aggregate  oi 
quartz,  calcite,  chlonte,  and  more  sericite  than  usual ;  limon- 
ite  ;  a  few  small  felspars. 

[E.  2099.]    Boss  or  dyke :  Coast  at  end  of  Gob  y  Deigan,  N.  of  Peel. 
Decomposed  diabase. 

Micro.  Larger  felspars  altered  to  masses  of  seridtic  tangle ;  fer- 
ro-magnesian  mineral  altered  to  chlorite  films,  and  ^erally 
with  parallel  arrangement  and  occasional  pleochroic  haloi. 
Calcite  and  quartz  freely  developed.  I^eous  structure 
observable.    No  marked  foliation  in  slide. 

[E.  2401.]    Hard  bed  :  Quarry  at  Laurel  MowrU,  Lezayre.      Grey  rock, . 
sheared,  with  calcareous  spots  in  shapes  of  crystals,  and  other 
pseudomorphs  chiefly  in  chlorite  ;  decomposed  ophitic  diabase. 

Miaro.  Apparent  relics  of  ophitic  structure  are  seen,  the  felsjan 
altered  into  calcite,  the  ferromagnesian  mineral  into  chlonte ; 
phenocrysts  in  carbonates  and  chlorite  which  look  like 
olivines  •  apjjarently  felspar  phenocrysts  are  also  present,  and 
a  little  ilmenite  not  much  altered. 

Among  the  numerous  other  slides  of  this  character  in  the  Survey  Collec- 
tion, the  following  are  mentioned  to  illustrate  the  wide  distribution  of  theee 
dykes  in  the  Island  : — 

[E.  2121.]  8  ft.  dyke  (coarse-grained  part):  in  arch  of  Stack,  460  yards  NX 
of  Port  Soldrick. 

[E.  2113.]   Atnagh  Stream,  N.  side  of  road-crossing  to  Glen  Helen. 

[E.  2129.]  Dyke  (loose  blocks] :  w.  side  of  Lhargee  Ruy,  Greeba,  90  yards  w. 
of  road  w.  of  u.  of  Ruy. 

E.  2197.]    10  ft.  dyke  :  B.  aide  of  Qo\hy  Glen,  in  plantation  above 
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Schistose  Greenstones.^ 

When  the  dykes  are  not  only  decomposed,  but  crushed  down  also,  and 
plated  out  by  shearing,  they  ultimately  take  the  form  of  calc-chlorite 
or  calc-sericite  schists  which,  as  previously  remarked^  present  few  or  no 
distinguishing  features  under  the  microscope.  The  mode  of  occurrence  of 
dykes  of  this  character  in  the  field  is  illustrated  in  Figs.  43  &  47.  The  petro- 
graphical  notes  on  the  following  slides  are  arranged  to  illustrate  the  pro- 
gressive stages  in  the  obliteration  of  the  igneous  structure. 

[K  1979.]  15  ft.  sheared  dyke  .Cliff  100  yards  N.  of  Creg  ny  Ja<ghee,  Calf 
Sound  :  Grey  schistose  rock  ;  originally  a  porphyritic  diabase. 

Micro,  Phenocrysts,  still  undecomposed,  of  twinned  felspar,  with 
refraction  index  higher  than  balsam  ( ?  labradorite),  often 
grouped,  broken,  sheared,  and  in  "  eyes."  Small  dark  patches, 
rich  m  rutile,  probably  from  alteration  of  titaniferous  iron-ore. 
Rather  large  slivers  of  chlorite.  Ground-mass  of  chlorite, 
calcite,  felspar,  and  quartz,  with  pyrites. 

[E.  2428.]  Dyke  (one  of  several) :    Glen  Crinn  (branch  of  Glen  Auldyn), 
500  yards  N.  of  mountain-road. 

A  rock  with  dark  grey  matrix,  sheared,  with  greenish  chloritic 
folia^  and  porphyritic  ^oups  of  crystals ;  probably  originally 
an  abnormal  porphjrritic  diabase,  now  a  chlorite  schist. 

Micro.  Chlorites  rather  large  ;  small  {xorphjrritic  felspars  (plagio- 
clase  and  oligoclase)  just  visible,  in  groups ;  some  of  the 
chlorites  suggest  micas,  and  it  is  possible  this  may  be  an 
altered  mica-trap,  but  the  small  amount  of  calcite  present  is 
decidedly  against  this,  and  also  marks  it  off  from  the  other 
altered  rocks. 

[£.  1977.]  9  ft.  dyke  in  cross-cut  of  copper-mine,  Langness  Point. 

Rather  pale  green  somewhat  schistose  rock ;  a  calc-chlorite 
schist,  almost  certainly  a  sheared  camptonite. 

Micro,  The  large  masses  of  ferruginous  carbonate  probably 
represent  hornblende;  and  those  of  chlorite  sometimes 
associated  with  calcite  probably  represent  augite ;  and  pos- 
sibly a  little  mica  may  have  been  present.  Calcite  and 
chlorite  with  some  quartz  grains  constitute  the  sheared 
ground-mass. 

[E.  2192.]    Dyke  ? :  quarry  at  West  FolieaUy  near  Ramsey. 

Sheared  greenish  rock  with  pseudo- vesicular  structure  ;  diabase, 
sheared  to  a  calc-chlorite  schist. 

Micro,  Phenocrysts  in  granular  carbonates  with  new  growth  of 
calcite  and  quartz  at  edges  under  influence  of  shearing  :  these 
form  "  eyes  and  are  much  sheared  off  at  the  ends,  graduating 
into  the  ground-mass.  The  latter  is  a  tine  schistose  aggregate 
of  quartz,  carbonates,  sericite,  and  opacite  which  appears  to 
represent  an  iron-ore. 

[E.  2194.]  Dyke  ] :    beach  40  yards  N.  of  jetty  at  Port  Lewaigue,  near 

Ramsey. 

Rock  similar  to  [2192]. 

Micro,  Like  [2192],  but  appears  to  have  been  moved  subse- 
quently to  decomposition,  as  the  carbonate  granules  are  dis- 
persed, and  the  chlorite  slivers  are  puckered  and  have  a  strain- 
slip  cleavage.  This  appears  to  represent  very  advanced 
shearing  and  decomposition. 

*  From  this  point  onward  to  the  end  of  the  chapter.  Prof.  Watts  is  not 
responsible  for  the  general  notes  introducing  and  connecting  his  descriptions 
of  uie  slides,    a  w.  u 
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[K  2926.]  Sheared  dyke  :  Black  Rocks,  Kentraugh,  Bay  ny  Carrickey. 
A  buff-grey  streaked  schist. 

Micro.  A  schistose  mass  of  sericite,  chlorite,  and  in  places  cfjrpto- 
crystalline  quartz-mosaic,  and  spots  of  iron-ores;  carbonate 
also  in  spots.  Absolutely  no  trace  of  igneous  structure 
remains. 

To  conclude  the  account  of  the  sheared  greenstones,  we  give  the  following 
description  and  analysis  from  the  notes  of  the  present  director  of  the 
Survey,  Mr.  J.  J.  H.  Teall,  who  undertook  the  investigation  of  a  few  speci- 
mens of  these  rocks  collected  soon  after  the  commencement  of  the  survey  of 
the  Island  in  1892  :— 

"[E.  1965.]  20ft.  dyke :  Cliff  at  N.  side  of  Da  Leura,  s.  of  Niarbyl  Bay.    A 
compact  pale-grey  slaty  rock. 

Jficfo.  A  microcrystalline  aggregate  of  quartz  or  felspar  (or  bothX  sericitic 
mica,  chlorite  and  carbonates. 

*'  In  the  hope  that  the  determination  of  the  chemical  composition  might 
throw  some  light  on  this  rock,  I  analysed  it,  with  the  following  result  :— 

Per  Cent. 

Silica 65-4 

Alumina     -        -        -        -        -        -        -  16'2 

Ferric  oxide 3*5 

Lime 4*2 

Magnesia 1*6 

Potash 1-25 

Soda  - 1-9 

Loss  on  ignition         -        -        -        -        -  5'7 

9975 

^*  This  does  not  help  one  to  interpret  the  rock,  and  I  must  leave  its  original 
nature  completely  undetermined." 

Among  other  examples  of  the  sheared  greenstones  of  which  slides  are  pre- 
served in  the  Survey  collection  are  the  following  : — 

[E.  2125.]  2ft.  dyke  :  cliff  w.  of  Banner  Rock^  San  ton. 

E.  2820]  3ft.  dyke  :  cliff  N.  side  of  headland  N.  of  Staiden,  Santon. 

E.  2193.]  Dyke  :  cliff  E.  side  of  Tableland  Point  near  Ramsey. 

[E.  2482.]  N.  side  of  boss  forming  Carrick  low- water  reef,  Ramsey  Bay ;  (a 
sericite-chlorite  schist,  more  acid  than  usual). 

[E.  2126.]  Dyke :   quarry  in  coppice  on  E.  bank  of  stream,  300yds.  above 
S2x>ot  VanSy  near  Kirk  Michael. 

[E.  2127.]  Sheared  dyke  or  boss  :  old  quarry  in  plantation  at  s.  aide  of 
Ballacosnahan,  near  Kirk  Patrick. 

[E.  1966]  Hard  *band  :  crag  in  Ball ei by  Glen,  600yds.  E.  of  high  road,  netr 
Dalby. 

[E.  1958.]  Sheared  dyke  or  boss  :  coast  150yds  s.  of  fitone  Ualby,  OJf 
Island. 

Metamorphosed  Greenstones  and  Actinolite  Traps. 

We  have  next  to  deal  with  the  alteration  of  the  older  dyke-rocks,  by  later 
intrusions  and  by  the  obscure  causes  which  produced  the  curious  metamor- 
phisra  of  the  sedimentary  rocks  described  in  a  former  chapter  (pp.  108-14). 

The  effect  of  later  intru>i()n  in  best  seen  in  the  vicinity  or  the  Dhooa 
Granite.  As  previously  described  (p.  142\  this  granite  has  burst  throuj^ 
slates  already  traversed  by  greenstones,  and  has  sent  out  elvans  which  inter- 
sect these  older  dykes,  as  shown  in  Figs.  35,  36  and  pp.  128-30.  Sevwal  of 
these  greenstones  are  exposed  in  the  cliffs  between  Port  Comah  and  Dboon 
Bay,  immediately  to  the  eastward  of  the  granite ;  and  the  first  two  slid^ 
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described  below  are  from  the  dykes  of  this  locality.  The  third  slide  is  from 
an  example  at  contact  with  an  el  van  on  the  same  coast  1}  miles  farther 
north,  and  the  fourth  from  a  dyke  in  the  vicinity  of  the  Foxdale  Granite. 

[K  2476.]  Altered  greenstone  dyke,  \  in.  from  contact  with  15ft.  elvan  (see 
p.  130,  Fig.  36) :  chff  s.  side  of  Barony  HilL 

Micro.  There  appear  to  be  traces  of  twinned  felspars,  one  or  two 
suspiciously  fresh,  but  the  rest  converted  into  several  minerals : 
sphene,  epidote,  and  zoisite  are  very  abundant,  and  all 
embedded  in  a  ground-mass  of  brown  mica  ;  a  little  uralitic 
hornblende  is  present.  Apparently  a  thermo-metamorphoied 
greenstone  very  highly  altered. 

« 

[£.  2524.]  3ft  altered  greenstone  dyke,  on  N.  side  of  intersection  with  elvans ; 
same  locality,  etc,  as  last. 

Micro,  Pale  fibrous  porphyritic  uralite  in  abundance  ;  ground- 
mass — quartz,  felspar  (f),  chlorite,  and  brownish  hornblende^ 
with  abundant  sphene.  Probably  one  of  the  augitic  diabases, 
now  thermo-metamorphosed. 

[£.  2480.]  8  to  10ft.  sheared  greenstone  dyke,  at  junction  with  elvan  :  cliff 
at  Traie  ny  Uainaigue,  Maughold.   (See  p.  12S.    Fig.  35.) 

Micro,  Original  igneous  structure  preserved :  a  quartzose  dia- 
base, with  small  felspar  phenocnrsts :  iron  ores  preserved,  but 
calcite  alteration,  and  much  chlorite  often  in  rather  large 
patches.  A  small  amount  of  brown  mica  has  been  develops. 
A  vein  of  porphyritic  rock  with  much  larger  felspars  is  seen  in 
the  fine-grained  rock — almost  andesitic  in  habit. 

[K  2828.]  Sheared  dyke  :  stream  120  yards  8.w.  of  GUndhoo  Farm,  Doar- 
lish  Head,  near  Foxdale. 

Micro.  A  calc-sericite  schist,  finely  foliated  :  iron  ores  pre- 
served :  much  calcite ;  chlorite  in  hiosA  streaks,  edged  with 
3mall  flakes  of  brown  mica,  which  occurs  in  larger  crystals  in 
the  bodv  of  the  rock,  often  crossing  the  foliation -planes,  but 
evidently  developed  in  situ ;  ground-mass  of  quartz  and  fels- 
par (7)    A  thermo-metamorphosed  sheared  diabase. 


We  have  now  to  discuss  the  changes  in  the  mineral  structure  of  the 
greenstone  dykes  where  they  traverse  the  belt  in  which  the  slates  have 
undergone  their  most  severe  alteration. 

As  the  following  descriptions  will  show,  the  djrkes  in  this  belt  are  often 
completely  metamorphosed ;  and  a  characteristic  feature  of  this  kind  of 
alteration  is  the  abundant  develop^ment  of  actinolite  and  epidote  in  the 
dykes,  which  appears  to  be  correlative  with  the  development  of  garnet  and 
a  chloritoid  mineral  in  the  accompanying  slates  of  the  belt. 

Starting  from  the  north-east,  the  actinolite  traos  first  become  conspicuous 
in  the  vicinity  of  Snaefell  (p.  139),  and  may  be  tnence  followed  across  the 
watershed  into  the  head  of  the  Baldwin  Valley.  They  are  seen  again  on 
the  northern  slope  of  the  central  valley  N.  of  Crosby  (p.  158),  and  on  the 
southern  slope  opposite  Greeba  (p.  168),  whence  they  are  continued  into  the 
hifi'hly  schistose  area  around  the  old  Cornelly  mine  (p.  168).  They  are  pro 
bablv  prolonged  into  the  head  of  the  Silverbum  Valley  and  a  little  farther 
south-westward,  but  are  inadequately  exposed  and  have  been  less 
closely  investigated  there. 

The  petrographical  descriptions  and  list  of  slides  given  below  as  example 
of  these  actinohtic-traps  are  placed  in  the  order  of  occurrence  as  alwve  out- 
lined. 
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[£.  2389.]  3ft  Actmolitic  dyke :  stream-bed  120  yards  below  foot-bndge 
near  Block  Eary,  n.  of  Snaefell. 

Micro,  An  exceptional  aQtinolite  trap,  with  lai:ge  masses  ot 
secondary  quartz  growing  among  the  chlorite :  a  little  epidots 
and  actinolite  apparently  formed  subsequently  to  the  shearing 
and  often  crossing  its  direction  :  pyrites  present.  There  are 
a  few  phenocrysts  which  remind  one  of  the  large  augites  of  the 
augitic  diabases.  An  altered  diabase,  now  an  actinolite- 
scmst. 

[£.  2407.]  6ft.  palish  dyke :   same  locality  as  last,  380  yards  above  fuut- 
bndge. 

A  quartz-chlorite  schist  with  epidote  and  actinolite ;  an  altered 
diabase  more  acid  than  usual. 

[£.  2402.]  Sheared  dyke :  Tholt-e-  Will  stream,  130  yards  above  boundai}' 
of  Hotel  grounds,  w.  of  Snaefell. 

Micro,  Evidently  a  diabase  which  has  been  much  sheared  (pro- 
bably twice)  and  undergone  a  slight  amount  of  actinotidc 
change.  Traces  of  what  appear  to  have  been  idiocrysts  of 
felspar  are  present,  but  the  conspicuous  elements  are  slivo)) 
of  chlorite,  rather  large  and  with  strain-slip  cleavage,  and 
granules  of  calcite  inside  and  outside  the  chlorite.  The  main 
ground-mass  is  granulitic  quartz  with  chlorite,  but  apparently 
no  felspar.  The  iron-ores  are  partly  converted  into  leucoxeae. 
A  little  sheafy  actinolite  is  developed  at  the  expense  of  the 
chlorite. 
[E.  2388.  Sheared  dyke :  stream-bed  600  yards  E.  lO**  s.  of  Snaefell  lower 
hotel. 

An  actinoiite-chlorite-schist. 

Micro,  A  chloritic  and  quartzose  schist,  with  perhaps  secondary 
felspar.  In  the  masses  of  chlorite  are  idiocrysts  of  epidote, 
zoisite  and  sphenes  (probably  from  ilmenite),  and  these  maas« 
pass  into  bundles  of  actinolite  with  compact  shafts  and 
oranching  ends,  generaUy  conforming  with  tne  foliation,  bat 
often  across  it.  Actinolite  needles  run  into  the  secondary 
quartz.    No  carbonates  are  present. 

[E.  2420.]    Altered  rock,  ]  slate  or  dyke :  crags  500  yards  s.s.w.  of  CamaM 
Batie,  Beinn-y-Phott. 

Micro,  A  gamet-homfels :  a  yellowish-grey  rock  with  an 
appearance  of  false  bedding  or  shearing,  some  bands  bdn^rich 
in  large  dark  micas  and  other  minerals.  This  has  m  the 
appearance  of  an  injected  junction  of  the  actinolite-trap  type 
and  a  sediment.  One  side  consists  mainly  of  granuburquaitx, 
001  inch,  005  inch,  015  inch,  with  brown  mica  and  an  occa^ 
sional  bit  of  sphene,  but  with  occasional  layers  (?  ii^jectiona)  of 
a  more  basic  rock  richer  in  brown  mica,  sphene,  and  epidote. 
Beyond  a  quai*tz-vein  the  rock  is  merely  a  Uiermometamor{^ 

greenstone  of  actinolite-trap  type,  full  of  brown  mica,  chloiite^ 
omblende,  epidote,  sphene  and  garnet.     There  are,  however, 
seams  of  ^nular  (quartz  in  it,  like  seams  of  the  sediment 
between    injection    veins.     Actinolite-trap    and    sediment, 
contact  ? 
[E.  2392.]    Dyke  :  at  junction  of  east  branch  of  stream  N.  of  IngebrecL 

A  greenish-grey  rock  chiefly  made  up  of  radiating  actinolite. 

Micro.  Of  the  usual  character,  but  with  great  abundance  of 
actinolite,  often  springing  from  crystals  of  compact  horn- 
blende ;  in  the  actinolite  there  is  a  warm  brown  mica  freelr 
developed,  ^ith  sphene  and  epidote ;  there  is  little  ground- 
mass,  and  an  absence  of  carbonates  and  felspar.  An  actmolite- 
schist  with  brown  mica. 
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[E.  2826.]   3  ft.  much-altered  dyke  :  East  Baldwin  River,  160  yards  w.  of 

Creg-y-Cowin  farm. 

An  actinolite  trap  with  abundant  brown  mica  and  epidote. 

Micro,  This  is  a  coarsely  crj'stalline  rock  with  schistose  stnicture. 
Where  ground-mass  is  present  it  is  of  the  usual  finely  granular 
quartzose  type.  Chlonte  is  largely  present,  and  passes  into 
actinolite  in  places,  but  not  into  massive  hornblende.  Well- 
crystallized  epidotes  are  developed  in  great  (luantity  in  the 
chlorite,  and  also  much  sphene  and  a  little  calcite.  '1  he  other 
common  constituent  is  a  Drown  mica  in  large  compact  crystals, 
also  not  conforming  to  the  shearing. 

"  The  impression  from  the  three  above-described  rocks  is 
that  the  brown  mica  and  epidote  have  been  produced  indepen- 
dently of  the  shearing,  and  after  it  •  and  their  production  is 
f'ust  like  that  known  as  the  result  ot  thermo-metaniorphism  " 
W.W.W.]  There  is,  however,  no  known  outcrop  of  igneous 
rock,  except  in  small  dykes,  within  three  or  four- miles  of  the 
localities  [g.w.l.] 

[£.  2823.]    10  ft.  altered  dyke  :  Cronk  Breac,  N.  of  Braid,  near  Crosby. 

Micro,  Radiating  masses  of  actinolite  abundant :  a  little  pale 
brown  mica,  developed  at  ex|)ense  of  chlorite  ;  much  sphene 
and  some  epidote ;  small  scattered  crvstals  of  plagioclase, 
considerably  decomposed,  associated  with  chlorite  and  quartz. 

[E.  2827.]  Altered  dyke  :  EUerslie  Glen,  s.  of  Crosby,  200  yards  s.  of  dam. 

Micro, — Actinolite-trap,  with  igneous  structure  no  longer  observ- 
able :  epidote  in  great  quantity  and  often  idiomorphic  ;  a 
very  little  radiating  actinolite  in  ground-mass  apparently 
mostly  of  granular  quartz  and  some  secondary  felspar.  Groups 
and  single  large  crystals  of  a  twinned  chlorite  occur.  Zoisite 
appears  also  to  be  present. 

[E.  2824.]  Dyke ;  comer  of  field  N.  of  Cooillingilly  w.  of  Crosby. 

J/icro.— Actinolite-trap  of  advanced  character,  with  great  sheaves 
of  bluish  green  fibrous  hornblende  and  more  fibrous  actinolite ; 
sphene,  epidote,  and  iron  ores  in  small  grains  and  not  so 
abundant  as  usiud. 

Geanitic  socks. 

Turning  now  to  the  consideration  of  the  more  acid  intrusions 
of  j)re-Carboniferous  time,  we  have  first  to  deal  with  the  two 
principal  granite-masses  of  the  island — that  of  the  Dhoon  in  the 
north-east,  and  that  of  Foxdalc  in  the  middle  of  the  slate  massif. 
As  elsewhere  noted,  both  intrusions  crop  out  in  the  neighbour- 
hood of  the  central  stratigraphical  axis  of  the  Manx  Slates  isoe 
Fig.  29,  p.  84),  and  their  elvans  run  parallel  to  this  axis,  and 
are  confined  to  a  comparatively  narrow  belt  on  both  sides  of  it. 
Through  more  finely -grained,  these  elvans  preserve  the  distinc- 
tive petrographical  characteristics  of  the  two  granites  for  a  few 
miles  eacn  way  from  the  main  intrusions,  but  with  closeness  of 
texture  increasing  with  the  distance  until  finally  they  become 
difficult  to  discriminate. 

The  two  granites  differ  considerably  in  mineralogical  composi- 
tion, and  also  in  mode  of  occurrence  and  in  structure.  The  Dhoon 
Granite,  as  previously  described  (p.  144),  appears  to  form  a  rude 
column  with  steep  walls,  while  the  Foxdale  mass  shelves  gradu- 
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ally  beneath  the  slates  and  is  probably  more  or  less  laccoUtic  in 
outline.  Both  granites  are  to  some  extent  deformed  in  places  at 
the  margin  by  shearing  movement,  but  this  deformation  (see 
Fig.  38,  p.  143)  is  much  more  conspicuous  in  the  Dhoon  than  in 
the  Foxaale  intrusion.  There  is  no  distinct  evidence  as  to  the 
relative  age  of  the  two  intrusions,  but  it  seems  likely  that  the 
Dhoon  Granite  is  the  older. 

The  Dhoon  Granite  and  its  Elvans. 

The  local  details  respecting  the  outcrop  of  the  granite  have  been  given  in 
Chap,  iv.,  pp.  142-4.    Its  petrographical  characters  will  now  be  described 

» 

[E.  2897.]  Granite  ;  large  quarry  at  Dhoon. 

Macro.  Grey  granite  with  patches  of  brassy  mica,  white  febpu, 
and  blue  (opalescent)  quartz  ;  black  minerals  fill  up  the  anglei 
between  the  white  ones. 

Micro,  The  conspicuous  character  of  this  rock  is  the  presence  of 
porphyritic  crystals  of  plagioclase  (oligoclase)  '25  inch  (6  mm.) 
long.  Smaller  phenociysts  both  of  plagioclase  and  ortnoclaie 
occur,  generally  well-formed  and  with  good  angles  and  edgei ; 
they  are,  however,  very  impure  and  are  really  a  mass  of  (Jther 
minerals— muscovite,  quartz,  epidote,  and  chlorite,  in  a  groimd- 
mass  of  felspar  substance  ;  this  character  should  permit  of  tba 
identification  of  the  elvans  from  this  mass,  as  the  Foxdale 
granite  itself  has  singularly  pure  felspars.  Irregular  patches 
of  biotit€  are  common,  generally  ^ith  pleochroic  haioB,aDd 
*^  embroidered ''  with  quartz  and  iron  ores.  Epidote  and  iron 
ores  are  often  closely  associated  with  the  biotite.  Sphene  in 
fair-sized  grains  is  not  uncommon,  and  leucoxene  occois 
looking  verjr  like  sphene.  A  few  phenocrysts  of  quartz  alao 
occur,  strained  and  granulated  and  occasionally  containing 
felspar  crystals.  The  groimd-mass  is  of  granular  quartx 
associated  with  minute  biotite  fiakes,  and  there  are  irr^ukr 
patches  of  muscovite  which  do  not  appear  to  be  original.  The 
chlorite  present  appears  to  be  due  to  the  decomposition  of 
biotite.  There  is  generally  a  little  new  growth  round  the 
felspars.  There  is  a  little,  but  not  much,  white  mica  in  the 
groimd  mass. 

The  rock  belongs  to  the  porphyritic  micro-granite  series,  rather 
than  to  the  true  granites. 

{M.  2381.]  Granite ;  same  locality  as  last. 

Micro,  General  features  like  [28871  but  with  a  larger  propor- 
tion of  small  felspars  in  the  groimd  mass ;  and  biotite  is  in  laiger 
grou(>s,  associated  with  ei>idote.  The  association  of  sphene 
with  iron  ores  suggests  derivation  from  ilmenite.  Zoisite  *12 
to  *05  inch  long.  In  the  quartz-bodies  several  adjacent 
granules  separated  by  veins  of  mosaic  behave  as  a  whole 
optically,  and  there  are  injections  of  mosaic  also  inside  the 
grains. 
fE.  2488.]  At  junction  of  granite  with  flags  :  moorland,  N.  of  Ordnance 
station,  w.s.w.  of  Ballelin,  Dhoon. 

Crushed  micro-granite. 

Micro.  This  appears  to  be  a  crushed  form  of  the  Dhoon  Granite. 
The  felspars  are  brecciated,  and  have  lost  their  sharp  outlines ; 
the  fiuartz  is  more  freely  granulitized ;  the  ground-mass  is 
liucated,  and  contains  brown  and  white  mica  and  chlorite  in 
greater  abundance,  while  all  the  larger  biotites  are  converted 
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into  chlorite  with  pleochroic  halos.  One  part  of  the  rock 
appears  to  be  so  crushed  out  that  the  micaceous  felspars 
appear  to  have  been  incorporated  with  the  ground-mass. 

[E.  2487.]  and  [£.  2898.]  Granite- vein  in  altered  flags:  northern  edge  of 
granite  on  Barony  Hill. 

Micro,  These  slides  show  thin  veins  of  microgram te  injected 
into  schist,  and  probably  crushed  out  with  it.  The  veins  have 
lost  most  of  their  characters.  The  ground-mass  is  rolled  out 
and  associated  with  much  muscovite,  sometimes  in  fair-sized 
grains,  and  some  rutile  is  present.  In  [2898]  felspar  pheno- 
crysts  are  occasionally  recognisable,  but  generally  smashed  ; 
and  quartz  phenocrysts  also  occur. 

The  slate  at  the  margins  is  much  altered  and  is  converted  into  a 
muscovite-biotite  schist  with  abundance  of  (probably)  small 
felsx)ars  and  quartz.  A  few  small  garnets  are  present,  mostly 
occurring  along  particular  bands. 

The  elvans  which  spring  out  from  the  eastern  margin  of  the  Dhoon 
granite  are  described  at  pp.  127-30.  The  following  slides  of  these  rockB  are 
arranged  in  the  order  of  increasing  distances  from  the  granite.  The  dykes 
frequently  show  a  platy  semi-schistose  structure  due  to  shearing,  which  is 
admirably  brought  out  in  some  of  the  slides.  In  the  field,  these  elvans  may 
be  distinguish^  from  the  other  microgranites  by  the  presence  of  smalJ 
roundish  grains  of  opalescent  blue  quartz. 

[E.  S900.]  Southern  elvan  :  Barony  Hill,  Dhoon. 

A  fine-grained  micro-granite  or  microcrystalline  quartz-por- 
phyry. 

Micro,  Orthoclase,  plagioclase  and  quartz  phenocrysts,  the 
latter  strained  and  granulitized,  but  still  sometimes  with  trace 
of  the  bi-pyramidal  form  :  biotite  aggregates,  also  with  the 
usual  forms  and  pleochroic  halos,  and  a  number  of  small 
scattered  garnets.  The  ground-mass  is  a  minute  micro- 
granite,  with  felspar,  quartz  and  very  abundant  muscovite, 
with  a  lineation  ^hich  is  at  tirst  not  caispicu  us,  but  which 
c  .•rresponds  with  that  of  some  of  the  biotites.  Ttie  felspars 
are  a  uttle  cleaner  than  usual,  but  the  bulk  of  them  are  full  of 
muscovite. 

[E.  2901.]  Same  elvan  as  last :  shore  below  Barony  Hill. 

Micro,  Like  [2900]  but  with  less  felspar  and  much  less  biotite,  but 
abundant  q^uartz  :  felsoars  fairly  clean.  There  is  one  perfect 
crystal  of  mtcrocline.  The  ground-mass  is  much  more  sheared, 
and  contains  abundant  muscovite,  Carlsbad  felspar,  and 
quartz  :  a  few  small  garnets. 

[K  2386.]  From  the  elvan  in  a  quarry  at  the  crest  of  the  cliff-slope  ;  shows 
similar  features  to  the  last,  but  with  large  garnets  and 
sphene,  and  with  microcline  in  fair-sized  ^ains,  and  with  the 
addition  of  phenocrysts  of  micro-pegmatite.  No  biotite  is 
present. 

[E.  2902.]  Same  elvan,  and  same  locality  as  [2901],  at  jimction  with  *  green- 
stone *  dyke  (see  p.  130,  Fig.  36). 

A  (luartz-sericite  schist  or  quartz-porphyrv  rolled  out. 

Micro.  A  perfect  quartz-sericite  augen-schist,  with  quartz  granu- 
lated and  torn  out :  felspars  few,  and  the  cleaner  ones  not 
much  crushed,  but  the  "  dirty  "  ones  passing  out  ioto  "  flaser,' 
with  shape  and  characters  gone.  The  ground -mass  is  "  damas- 
cened" with  muscovite  amongst  quartz  and  vater-clear 
fels)>ar. 


314  The  toNBotm  fiocKS. 

[E.  2481.]  4  to  6  ft.  quartz-porphyry  dyke :  cliff  at  Traie  ny  Uainaigtiey 
Maughold.    See  Fig.  35,  p.  128. 

Micro,  A  crushed  quartz-porphyry,  evidently  an  elTan  of  the 
Dhoon  set.  The  ground-mass  is  cryptocrystalline,  with 
biotite  in  small  flakes  in  parallel  arrangement.  Phenocrvsts 
of  quartz  and  felspar,  as  usual,  crushed,  strained  and  full  of 
mica ;  the  biotite  phenocrysts  are  all  gone  to  chlorite ;  iron- 
ores,  sphene,  a  little  apatite,  and  a  few  garnets  present. 

[E.  2384.]  6  ft.  dyke  :  cliff  200  yards  8.  of  Cor  Stack,  Maughold  Head. 

A  sheared  ^y  rock,  homy  and  felsitic,  without  an^  obvious 

g>rphyritic  constituent ;  a  fine-grained  microgranitite  of  the 
hoon  set. 

Micro.  The  ^und-mass  is  a  minute  biotite-bearing  micro- 
granitite, with  phenocrysts  nudnly  of  felspar  loaded  with 
muscovite  and  quartz  \  epidote  fairly  abundant,  in  large 
grains ;  chlorite  after  biotite ;  sphene ;  iron  oxides.  Parallel 
series  of  folia  which  traverse  the  rock  are  about  *1  inch  apart 
and  consist  of  granular  quartz,  epidote,  zoisite,  chlorite  and 
leucoxene,  with  or  without  iron-ojddes,  but  this  is  more 
idtered  to  leucoxene  in  these  bands  than  elsewhere. 

[E.  2382]  and  [E.  2385].  from  the  interior  and  mamn  of  a  dyke,  12  ft  to 
15  ft.  thick,  at  Oob  ny  Skey,  Maughold  Head. 

This  dyke  is  somewhat  similar  to  [2384] ;  the  interior  is  more 
acid  than  the  margin. 

From  the  same  set  of  elyans  on  the  opposite  or  south-w^tem  side  of  the 
granite  outcrop,  the  following  example  from  a  deep  level  of  the  Laxey  mine 
deserves  notice  on  account  of  its  un weathered  condition. 

[E.  2499.]  20  ft.  dyke :   255  fathom  level  of  Laxey  mine,  490  yds.  N.  of 
Dumbell's  shaft  (see  p.  521). 

Micro.  The  structure  of  the  ground-mass  lies  between  minute 
microgranulitic  and  cryptocrvstalline.  with  quartz,  felspar  and 
muscovite  ;  it  is  crushed  and  foliated.  The  chief  phenocrysts 
are  quartz  with  ^ound-mass  inclusions  and  edges  on  which 
the  ground-mass  intrudes.  Nests  of  muscovite  in  the  ground- 
mass  probably  represent  the  relics  of  vanished  felspars. 

Other  slides  of  the  el  vans  at  greater  distances  s.  w.  from  the  granite 
include  the  following  :— 

[E.  2478.]  6  ft.  sheared  dyke  :  at  700  ft.  contour  on  tram-line  to  SnaefelL 

Mici'o.  Much  crushed,  with  abundant  development  of  muscovite ; 
biotite  all  converted  to  chlorite ;  sphene,  epidote,  and  a  few 
zircons  present. 

[E.  2477.]  Oft.  "greenish  quartz-porphyry"  dyke:   north  feeder  of  Glen 
Roy,  under  Close  Mooar. 

This  has  not  got  the  usual  micaceous  felspars,  and  differs  some- 
what from  the  Dhoon  set. 

The  Foxdale  Granite  and  its  Elvans. 

Like  the  Dhoon  granite,  the  Foxdale  Granite  forms,  as  it  were,  the  node 
of  a  string  of  dykes  extending  with  the  strike  of  the  country  rock  in  both 
directions  from  the  neighbourhood  of  the  intrusion  (see  Fig.  29,  p.  84). 
Its  general  field-relations  and  characteristics  have  already  been  described ; 
as  also  those  of  its  elvans.  which  are  usually  distinguished  by  the  presence 
of  small  hexagonal  crystals  of  white  mica  ;  and  the  petrology  only  remains 
to  be  discussed. 

For  the  main  mass  of  the  granite,  the  following  slide  of  an  unweathered 
specimen  from  one  of  the  Foxdale  shafts  may  be  taken  as  representative. 
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{T&.  2791.]  Granite :  bottom  of  BawcUn*8  Shafts  Foxdale  Mines. 

A  moderately  coarse-textured  grey  muscovite-granite. 

Micro.  The  oldest  minerals  appear  to  be  cores  of  felspar,  usually 
striped  and  very  much  corroded  so  that  mere  skeletons  remain. 
These  are  filled  in  and  filled  out  by  new  felspar  growth,  also 
usually  striped,  giving  rise  to  fairly  angular  and  well-defined 
crystals.  A  few  singly  twinned  orthoclase  crystals  are  present, 
without  such  good  ooundaries.  Muscovite  appears  to  be  the 
next  mineral ;  it  also  has  irregular  boundanes  and  does  not 
contain  many  inclusions.  Quartz  is  the  next,  and  of  this 
there  is  a  considerable  quantity,  quite  clear,  and  free  from 
inclusions  of  other  minerals.  It  and  both  felspars  in  small 
crystals  are  enclosed  in  large  patches  of  microcline.  A  little 
quartz-mosaic  is  present.  There  are  no  signs  of  movement,  and 
none  of  the  minerals  are  crushed,  bent,  or  broken,  nor  is  there 
any  undulose  extinction. 

Another  slide  [E.  2890]  from  the  granite  at  the  surface  showed  no  micro- 
cline and  very  little  orthoclase,  the  predominant  felspar  being  well-formed 
plagioclase,  probably  oligoclase.  In  a  slide  described  oy  Mr.  Barker,  brown 
mica  was  also  present,  in  part  in  parallel  intergrowth  with  the  white,  both 
micas  exhibiting  pleochroic  haloe  surrounding  minute  zircon  crystals  ;  and 
occasional  grains  of  garnet  were  also  observed.^ 

The  concealed  granite  reached  by  the  shaft  of  ComeUy  Mine  (see  p.  517), 
though  exhibiting  a  general  resemblance  to  the  Foxdale  Granite,  is  by  no 
means  identical  with  it,  as  the  following  description  will  show.  The 
difference  between  them,  however,  is  no  greater  than  might  occur  between 
different  parts  of  one  and  the  same  intrusion. 

pS.  2893.]    Granite :   from  spoil-heap  of  Comelly  Mine,  1^  miles  n.e.  of 
Foxdale. 

Micro,  In  this  rock  the  structure  is  hypidiomorphic,  granular, 
with  the  crystalline  outlines  of  the  felspar  less  marked  than 
usual.  Plagioclase  is  abundant,  and  it  often  shows  micro- 
perthite  intergrowths  which  are  sometimes  twinned,  and  also 
micro-pegmatite.  The  bulk  of  the  *  orthoclase'  is  moir^  or 
microcline.  Both  biotite  and  muscovite  are  present,  the  former 
more  or  less  replaced  by  chlorite,  and  the  (luartz  is  in  large 
grains.  The  order  of  consolidation  is  not  at  all  apparent. 
The  rock  is  a  two-mica  granite,  which  differs  from  that  of 
Foxdale  in  the  presence  of  biotite  and  in  the  abundance  of 
microcline,  microperthite,  and  micropegmatite. 

Of  the  Foxdale  group  of  el  vans  the  best-known  and  most  accessible  is  the 
broad  dyke  exposed  in  the  quarries  close  to  the  railway  station  at  Crosby 
(p.  168),  and  this  may  be  taken  as  the  type  for  the  set.  Its  petrographical 
cnaracters  have  been  previously  described  by  Mr.  B.  Hobson,^  and  the  rock 
has  been  analysed  by  Messrs.  Dickson  and  Holland,  with  results  quoted  in 
Appendix  II.,  p.  575.  Large  garnets  may  occasionally  be  observed  in  the 
■mall  strings  of  vein-quartz  at  the  margin  of  this  dyke. 

[E.  1983.]  Crosby  dyke  (20  to  30  ft.  wide),  4  ft.  within  its  western  margin  : 
upper  quarry,  Crosby. 

Macro.  light  grey  fine-grained  rock  containing  hexagonal  plates 
of  a  nearljr  white  biaxial  mica.  One  end  of  the  sj)ecimen  shows 
marked  signs  of  shearing  and  the  plates  of  mica  have  been 
distorted. 

Micro,  Occasional  porphvritic  crystals  of  orthoclase,  plagioclase, 
and  muscovite  generally  in  fibrous  aggregates,  and  quartz  in 
aggregates ;  tlie  extinctions  of  these  are  undulose  and  some 

'  "  Naturalist "  for  1894,  p.  68. 

*  In  the  paper  to  which  references  are  given  on  p.  300,  Mr.  Hobson  applied 
the  term  ^  quartz-keratophyre  "  to  the  rock. 
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are  bent ;  most  are  crushed  and  some  separated.  The  ground- 
mass  is  ^p-anulitic  on  a  small  scale,  quartz  and  orthoclaae  beiiig 
present  m  about  equal  j[>roportionsL  while  striped  felspar  is 
absent.  The  muscovite  is  in  small  flakes  between  the  grains 
of  the  other  constituents.  There  is  no  linear  arrangement^ 
but  the  smallest  grains  show  undulose  extinction.  'Diere  is 
no  tailing  off  of  the  phenocrysts.  A  few  nearly  oolourleas 
garnets  are  present,  like  those  sometimes  seen  in  the  Foxdale 
Granite.    A  muscovite-granite,  crushed. 

The  crushing  noted  in  the  above  slide  is  very  generally  observable  amonc 
the  dykes  of  this  set ;  and  as  in  the  Dhoon  elvans,  shows  much  local 
variation  in  severity.  The  next  two  slides  show  the  more  advanced 
stages  in  the  process. 

[E.  2796.]  Elvan  :  small  quarry  on  Windy  Camman  (n.  of  la),  s.  of  Foxdale 
Granite. 

Miax>,  Phenocrysts  of  plagioclase,  orthoclase,  muscovite  and 
quartz,  the  last  strainea,  broken  and  granulated  :  the  two  first 
tailed  into  mosaic,  often  arranged  obUquely  to  the  foliation  in 
their  crystallographic  axes,  but  in  form  phaooidal  with  the 
foliation.  The  ground-mass  is  a  foliated  granolite,  and  doubt- 
less represents  a  fairly  marked  sta^  in  the  crushing,  as  it  con- 
sists of  a  felted  aggregate  of  interlocking  f^ns  of  quartz  tsA 
unstriped  felspar  with  muscovite  interlacing  amongst  it ;  Uttle 
or  no  chlorite.  A  porphyritic  foliated  granite,  probably  once 
a  micro-granite. 

[E.  2083.J  Sheared  elvan  :  s.  end  of  Beal-feayn-ny-Geay^  w.  side  of  Cronk- 
ny-Arrey  Lhaa. 

Micro,  A  sericite-schist  with  surviving  knots  of  quartz,  whose 
edges  are  crushed  down  to  quartz-mosaic  and  muscovite,  die 
latter  penetrating  the  solid  quartz  of  the  knots.  The  rest  of 
the  slide  is  a  minute  quartz  (?  -f-  felspar)  mosaic  filled  in  wiUi 
sericite  and  chlorite,  and  with  some  folia  made  entirely  of 
sericite.    A  few  small  garnets  are  present. 

Among  other  slides  examined  of  which  the  rocks  probably  belong  to  the 
Foxdale  set  of  elvans  were  the  following  : — 

[E.  2795.]  1  to  2ft.  vein  :  West  branch  of  Glion  Darragh,  w.  of  farm ;  nesr 
Comelly  mine  (somewhat  crushed). 

[E.  2904.]  White  trap :  Foxdale  river,  below  Ballamoore,  n.  of  Foxdale. 
(A  quartz-mosaic  schist  with  au^en :  contains  a  pecolisr 
chlorite,  or  chloritoid  :  a  crushed  dvan  having  affinities  with 
Dhoon  set.) 

[E.  2797.]  8ft.  elvan,  sheared  ;  s.  entrance  to  South  Barrule  Slate  Quarries. 
(Well-foliated,  and  with  no  igneous  structure  left) 

[E.  2(XX).]  Elvan  :  base  of  cliff  at  Raclay,  E.  side  of  Fleshwick.  (Porphyr- 
itic constituents  fresher  than  in  Crosby  dyke,  and  no  sign  of 
crushing.) 


Acid  Dykes  of  Doubtful 

Besides  the  recognisable  Dhoon  and  the  Foxdale  elvans,  other 
more  or  less  acid  dyke-rocks  were  discovered  during  the  survey  in 
various  places,  but  principally,  and  indeed  almost  exclusively, 
on  the  N.w.  side  of  the  central  axis,  which  could  not  be  definitely 
assigned  to  either  set  and  may  in  certain  cases  represent  an 
independent  and  perhaps  older  type  of  intrusioh.  As  these 
rocks  were  close-grained  originally  and  have  since  been  much 
disturbed  and  altered,  and  as,  for  the  most  part,  they  are  seen 
only  in  limited  exposures,  the  main  evidence  for  their  igneous 
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acter  has  been  obtained  from  their  examination  under  the 
•oscope. 

Lhergydho  Trap. 

e  of  the  largest  and  best-marked  of  these  intrusions  occurs  at  the  foot 
3  hills  at  Lher^dho,  2  miles  e.n.e.  of  Peel,  and  is  quarried  for  road- 

I  (see  p.  156).    The  following  is  a  slide  of  this  rock  : — 

133.]  Dyke-rock  :  N.  quarry  at  Lhergydho. 

Micro,  The  porphyritic  ingredients  are  mainly  orthoclase  in  small 
crjrstaLs,  often  associated  with  pla^oclase  in  groups  of  dozens 
of  crystals  and  some  fibrous  sericite.  No  porphyritic  quartz 
appears  to  view  in  association  with  these  or  alone.  The 
matrix  is  very  distinctive,  though  fine-drained.  There  are 
prisms  (the  length  of  which  is  twice  or  thnce  their  breadth)  of 
orthoclase  and  plagioclase  set  in  interstitial  quartz  :  abundant 
and  minute  sencite  flakes  occur  in  and  amongst  them,  and  also 
in   small   associated    masses   of     chlorite :    carbonates   are 

Plentiful,  but  with  nothing  to  show  their  origin.    The  rock  is 
nked  with  the  other  elvans,  but  the  ground-mass  is  some- 
what distinct  in  having  the  visible  and  perfect  prisms  instead 
of  grains. 
Similar  features  are  seen  in  another  slide  [£.  2916]  from  the 

same  rock. 
A  porphyritic  micro-granite  or  keratophyre,  or  acid  andesite 
having  affinities  with  the  Ivemites. 

e  above  rock  lies  outside  the  belt  in  which  the  Dhoon  and  Foxdale 
is  occur,  and  so  far  as  the  field  evidence  alone  is  concerned,  it 
>t  be  connected  with  any  other  group  of  intrusions,  though  one  or  two 
isfactory  exposures  in  the  country  to  the  westward,  mentioned  in 
►.  IV.,  may  possibly  represent  the  same  rock  in  a  more  decomposed 
ition. 

II  farther  westward  and  north-westward,  around  the  head-waters 
le  C^lass  and  Sulbv  rivers  and  extending  thence  north-westward 
e  east  coast  south  of  Ramsev,  exposures  of  much-crushed  pale  rock  are 
at  intervals,  which  when  submitted  to  microscopic  examination  show 

affinity  to  the  Lherjgydho  exposure.  Their  field-positions  however 
ir  suggest  a  relationship  with  the  Foxdale  elvans,  and  their  difference 

the  normal  type  might  perhaps  be  accounted  for  by  the  increased 
nee  from  the  granite.    The  following  is  an  example  of  these  rocks : — 

J96.]  Pale  dyke  (?) ;  gutter  at  Park  Mooar  at  bench-mark  680''3",  near 
Ramsey. 

A  cream-coloured  crushed  rock  with  felspar-crystal  eyes  sur- 
rounded by  pale  chlorite  ;  occasional  broader  ferromagnesian 
bands. 

Micro.  This  seems  to  belong  to  the  Lhergydho  set  in  its 
porphyritic  crystals,  but  in  its  matrix  it  is  more  obscure  ;  still, 
the  general  character  is  in  favour  of  this  idea ;  it  possesses 
somewhat  more  quartz,  but  not  definitely  in  phenocrysts. 

lier  slides  of  similar  character  are  : — 

^5.]  Pale  dyke(?);  Glen  Crammag  stream,  650  yds.  N.  of  road  from 
Snaefell  to  Kirk  Michael  (see  p.  139). 

179.]  Lar^e  pale  dyke  or  boss  ;  s.  flank  of  North  Barrule  above  Park 
Llewellyn  (contains  an  exceptional  amount  of  zoisite  and 
epidote). 

>06.]  6  ft.  pale  trap  with  dark  needles  ;  tram-line  at  a.  side  of  Glen 

Gawne,  Oarwick. 
d  last-mentioned  is  noteworthy  as  being  the  only  known  occurrence  of 
^pe  so  far  to  the  eastward  of  the  structural  axis  of  the  Island.     The 
needles  of  the  rock  are  composed  of  chlorite. 


318  The  Igneous  Bocks. 

Altered  Elvans. 

The  remarkable  alteration  of  the  greenstone  dykes  where  they 
traverse  the  belt  of  altered  slates  has  already  been  describea, 
and  we  have  now  to  deal  with  a  similar,  though  less  marked, 
altemtion  of  the  elvan  dykes  under  the  same  circumstances. 
While  the  dykes  which  are  thus  altered  are  alwavs  in  a  crushed 
condition,  the  preceding  descriptions  will  have  snown  that  there 
are  crushed  eivans  in  other  parts  of  the  Island  which  are  not 
markedly  altered. 

That  the  elvans  should  have  been  anywhere  altered  implies 
that  at  least  some  part  of  the  alteration  has  been  of  later  date 
than  the  intrusion  ot  the  granites,  since  these  elvans  appear  to 
have  represented  the  latest  phase  of  intrusion  (see  p.  166).  But 
as  the  slates  had  probably  undergone  a  schistose  alteration  before 
the  granitic  invasion  (p.  106),  we  are  led  to  the  conclusion  that 
the  metamorphic  action  was  spread  over  a  period  of  long  dura- 
tion, and  probably  came  into  play  intermittently  during  this 
period. 

The  most  striking  example  of  an  altered  elvan  is  that  occurring  on  Greebt 
Mountain,  a  little  to  the  eastward  of  the  summit,  as  described  in  Chap.  lY^ 
p.  158.  The  following  is  a  slide  from  this  locality.  Red  garnets  were 
abundant  in  some  parts  of  the  rock,  but  apparently  were  absent  from  tiiii 
slide. 

[E.  2798.]  Sheared  elvan  ;  near  summit  of  Greeba  Mountain,  n.e.  of  th»  cairn. 

Micro.  A  characteristic  Foxdale  elvan,  but  without  phenocrysts : 
quartz-felspar  mosaic,  lineating  but  not  foliating  the  rock,  aod 
abundance  of  muscovite.  The  striking  feature  is  chioriioid 
crystals,  which  enclose  the  quartz-felspar  matrix  inside  them, 
so  that  the  inside  of  the  crystals  is  a  mere  aggregate,  the 
outside  being  much  more  pure.  The  muscovite  is  sometimes 
gathered  into  fan-shaped  groups.    Altered  elvan. 

The  more  common  kind  of  alteration  of  these  elvans  is  shown  in  the  next 
slide,  which  is  from  an  intrusion  exposed  in  the  stream  draininf[  the  H. 
slope  of  Snaefell,  not  far  from  the  actinolite  traps  [2389]  and  [2407] 
described  at  p.  309. 

[E.  2398.]    Boss  or  dyke :   stream  s.E.  of  Block  Eary,    140  yards  K.  of 
mountain-fence. 

A  white  granular  rock  with  bands  of  black  mica  ;  sheared  microgranite. 

Micro.  A  fine  granulitic  quartz-felspar  matrix  of  Foxdale-elvan 
type;  well-foliated,  with  only  rounded  porphjrritic  quartz. 
The  foliation  is  mostly  due  to  muscovite  or  sencite 
in  sheets,  in  which  occur  flakes  and  crystals  of  biotite,  Uis 
former  in  the  foliation,  the  latter  frequently  extending  acros^ 
it.  Associated  with  the  biotite  are  occasional  patches  of 
leucoxene. 

Among  other  examples  of  similar  character  in  the  Survey  Collection  are 
the  two  following  slides,  in  which,  however,  zoisite  and  garnet  are  seen,  as 
well  as  biotite. 

[E.  2800.]   20  to  30  ft.  boss  or  dyke :  bed  of  River  Glass,  450  yards  N.  of 
Baldwin  Chapel. 

[E.  2801.]    2  ft.  dyke  :  same  locality,  500  yards  n.  of  Baldwin  ChapeL 
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ther  of  the  altered  acid  djkes  approximate  more  nearly  to  the  Lhergy- 
type,  of  which  the  following  may  serve  as  an  example. 

S393.]   8  ft.  dyke  :  Ii\jel>reck  stream,  due  w.  of  hotel. 

Pale  microgranite  or  felsite  with  ferromagnesian  mineral  and 
brownish  spots  on  the  cut  surface. 

Micro,  Characteristic  Lhergydho  type,  with  few  porphyritic 
crystals.  Matrix  characteristic  except  porphyritic  felspars 
which  are  sometimes  grouped.  The  only  other  porphyritic 
ingredients  are  biotites,  sometimes  changed  into  pale  brown 
chlorite,  polarizing  in  weak  colours.  These  have  the  appear- 
ance of  development  subsequently  to  consolidation  and  they 
may  be  tnetatiiorphic. 

Port-e-Myllin  Dykes. 

le  curious  group  of  intersecting  d^rkes  at  Port-e-Myllin,  described  and 
trated  atp.  124.  Fig.  34,  deserve  notice  before  we  conclude  this  account  of 
»lvans.  Tne  oldest  rock  (lettered  F.  in  the  figure),  which  is  cut  by  the  two 
QStones,  is  probably  a  much-crushed  intrusion  approximating  to  the 
rgydho  type,  as  the  field-evidence  suggests  its  connection  with  the 
at  Park  Mooar,  1^  mile  farther  west,  which  is  believed  to  belong  to 
set  (see  previous  description,  slide  [2396]).  While  the  intersection  of 
Dstone  dyKes  by  later  intrusions  of  microgranite,  as  alreadv  shown 
128-30),  is  a  comparatively  common  phenomenon  in  the  Island,  this  is  the 
known  instance  of  the  intersection  of  one  of  the  acid  group  by  green- 
e.  Moreover,  the  smaller  of  the  intersecting  greenstones  is  much 
red,  and  therefore  probably  one  of  those  early  basic  intrusions  which 
elsewhere  seen  to  be  cut  by  the  Dhoon  and  Foxdale  elvans.  The  rock 
which  it  is  intrusive  must,  of  course,  be  still  older ;  so  that  the  antiquity 
le  more  acid  rock  would  seem  to  be  considerably  ^eater  than  that  of 
above-mentioned  granites.  If  its  correlation  with  the  Lhergydho  set 
.ccepted,  this  set  would  thus  appear  to  constitute  the  most  ancient 
isive  rocks  known  in  the  Island.  The  earlier  greenstone  (lettered  Bo) 
self  reduced  to  a  calc-chlorite  schist,  while  the  later  greenstone 
Bred  Bd)  which  cuts  it,  is  comparatively  unaffected  by  movement 
can  be  recognized  as  a  porphyntic  diabase.  The  slides  of  the  three 
s  are  as  follows  : — 

1920.]  The  pale  rock  ;  F.  of  Fig.  34  :  Port-e-Myllin. 

A  grey  medium-grained  rock,  much  sheared. 

Micro,  It  bears  some  resemblance  to  [2918]  (an  intrusion  on  the 
K.  side  of  Port  Lewaigue,  i  mile  to  north-westward,  which 
contained  atigen  made  up  of  pla^oclase,  quartz,  and  micro- 
pegmatite,  associated  with  abundant  apatite,  chlorite,  and 
calcite).  but  is  further  sheared.  The  JUti^er  contain  quartz  in 
rather  larger  masses  than  [2918],  but  the  felspar  and  micro- 
pegmatite  are  less  easily  recogmzable.  although  undoubtedly 
E resent  in  some  cases  and  strongly  suspected  in  others, 
limonite,  sericite,  chlorite,  and  abundance  of  carbonates  are 
the  other  minerals  in  the  ground-mass,  and  to  some  extent  in 
the  flaser.    Sheared  dacite  (or  el  van  ?) 

2921.]  Sheared  greenstone  cutting  [2920] ;  Bo.    of    Fig.  34.     Port-e- 
Myllin. 

Much  sheared  greenish-buff  rock,  with  knots  of  carbonates. 

Micro.  Very  like  [2919]— (a  schistose  dyke  cutting  [2918]  on  the 
N.  side  of  Port  Lewaigue,  see  p.  123,  which  showed  Jlaser  oi 
carbonates,  granular  quartz  and  felspar,  with  chlorite  around 
them,  and  a  lew  flakes  of  muscovite  (?)  lying  between  and  shut 
in  the  flaser)— and  the  muscovites  (?)  are  similarly  situated, 
but  are  better  developed,  while  the  perfect  terminations  ana 
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rather  low  interference  colours  sometimes  raise  a  donbt  as 
to  whether  they  are  all  muscovite :  it  tends  to  occur  best  at 
the  junction  of  the  carbonate-./2(Mer  with  the  chlorite  ground- 
mass,  but  occasi^'nally  in  the  body  of  both.  CaJc-chlorite 
schist. 

[E.  2922.]  Greenstone  cutting  [2920]  and  [2921] ;  Bd.  of  Fig.  34 :  Por^e- 
Myllin. 

A  buff  fine-grained  rock,  showing  small  needle-like  pheno- 
crysts. 

Micro, — There  can  be  little  doubt  that  the  phenocrysta  have 
been  fels{)ar,  but  they  are  now  converted  into  groups  of  fair- 
sized  grains  of  muscovite.  The  ^und-mass  is  a  fine- 
grained tangle  of  small  felspars  with  elongated  iron-ores,  with 
muscovite  in  places.    Altered  porphyritic  basalt 

duartz  Veins. 

The  quartz   veins  associated  with  the  Dhoon  and   Foxdale 

franites  deserve  notice  here,  as  the  most  conspicuous  vein  at 
oxdale  has  been  considered  by  ]tfr.  Barker  to  possess  the 
characteristics  of  greisen^,  and  therefore  to  represent  the  resi- 
dual material  from  the  cooling  of  the  granitic  magma.  As 
already  described,  these  veins  are  a  marked  feature  throughout 
the  Manx  Slates,  occumng  everywhere,  either  in  narrow  strings 
frequently  crmnpled  and  torn,  or  in  broader  lenticular  "  eyes." 
At  the  margin  of  the  granite-bosses  they  are  especially  well- 
developed,  tne  majority  gashing  the  granite,  as  well  as  the 
coim try-rock,  in  an  approximately  N. — s.  direction.  They 
frequently  contain  small  quantities  of  other  minerals  as  inclusions, 
such  as  (roughly  in  the  order  of  abundance)  yellow  mica,  chlorite, 
tourmaline  (see  p.  143),  felspar,  ilmenite,  etc.  Their  mode  of 
occurrence  is  in  many  respects  comparable  to  that  of  the  ehans; 
but,  so  far  as  we  could  find,  they  do  not  anywhere  present  indi- 
cations of  a  gradual  passage  into  either  granite  or  elvan,  though 
such  might  have  been  expected  if  they  were  truly  greisen.  On 
the  contrary,  their  boundaries  in  theso  rocks  are  always  sharp  and 
distinct.  On  the  whole,  that  they  have  been  formed  in  crevices 
by  infiltration  and  segregation  under  the  influence  of  thennal 
waters  appears  more  probable  than  that  they  have  been  injected 
along  continuous  fissures  like  the  dykes.  They  are  evidently  of 
widely  different  ages,  and  may  have  been  produced  imder  diverse 
conditions. 

The  Oatland  (Santon)  Complex. 

The  small  boss  of  OTanitite  with  its  pecuUarly  associated  rim  of 
dark  basic  rock  which  crops  out  at  Oatland  in  the  parish  of  San- 
ton, as  dei.cribed  in  Chap.  IV.,  p.  185,  is  deserving  or  especial 
attention  from  the  petrographical  standpoint,  but  imfortunately 
is  not  well-exposed.  The  more  acid  rock  occupying  the  central 
part  of  the  intrusion^  is  clearly  of  later  consondation  than 
the  basic  rock  which  it  penetrates  in  a  series  of  veins,  though 

*  Quart.  Joum.  Geol.  Soc.^  li.,  p.  143. 

'  Tliis  rock  was  first  described  by  Mr.  B.  Hobson  :  op.  cit. 
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the  actual  junction  of  the  masses  could  not  be  seen  at  the 
time  of  our  examination.  Angular  and  subangular  fragments  of 
the  dark  rock  are  included  in  the  granitite  in  increasing  numbers 
towards  its  margin,  until,  as  some  of  the  boulders  around  the 
outcrop  show,  the  inclusions  bulk  more  largely  than  the  acid 
matrix ;  and  finally  the  granitite  is  reduced  to  a  few  narrow  veins 
traversing  the  dark  rock.  In  certain  places,  however,  the  appear- 
ances suggest  that  there  may  locally  be  a  passage  or  blendmg  of 
the  two  rocks,  possibly  the  result  of  refusion  of  the  older,  as  augite 
crystals  occur  isolated  in  the  grey  granitite.  No  conclusion  has 
been  reached  as  to  the  length  of  the  interval  between  the  intni- 
sions ;  nor  as  to  whether  tne  complex  has  been  the  result  of  the 
differentiation  of  a  single  magma  of  which  the  basic  margin  was 
first  cooled,  or  of  two  separate  intrusions  of  different  composition 
along  the  same  conduit. 

The  mass  as  a  whole  is  very  little  sheared,  except  along  a  plane 
near  its  centre,  wherea  small  auarry  recently  opened  revealed  a 
certain  amount  of  crushing  sucn  as  might  accompany  a  fault. 

As  the  following  petrographical  notes  will  show,  trie  basic  rock 
has  close  affinities  with  some  of  the  previously  described  '  green- 
stone '  dykes  of  the  Island,  while  the  granitite  is  not  far  removed 
from  some  of  the  diorites.  The  boss  may,  indeed,  be  regarded 
as  the  largest  of  the  knobs  or  nodes  on  the  clustered  dykes 
which  run  along  the  south-eastern  side  of  the  massif  parallel  to 
the  central  axis. 

[E.  2907.]  More  acid  portion  of  granitite  :  quarry  near  Oatland,  Santon. 

A  grey  rock  showing  febpar,  quartz  and  chlorite  on  the  broken 
surface. 

Micro,  The  felspar  is  much  altered  and  crowded  with  muscovite, 
so  that  it  is  hardly  possible  to  recognize  the  twinning ;  the 
plagioclase  is  the  more  perfect,  the  Dinacoidal  faces  being  well 
marked ;  the  orthoclase  is  recognizable  generally  in  much  less 
regular  grains,  with  only  traces  of  crystal  faces.  The  chlorite 
has  the  habit  of  altered  biotite  and  is  full  of  pleochroic  halos ; 
a  little  hornblende  and  epidote  are  associated  with  it.  The 
quartz  is  generally  clear  and  in  large  interstitial  grains  ;  here 
and  there  it  is  in  small  grains,  but  the  general  habit  is  quite 
different  from  the  Dhoon  granite  and  more  like  the  Foxdale 
•granite  in  this  respect.  There  are  a  few  epidote  veins.  A 
granitite. 

In  another  slide  [2908]  where  the  rock  is  slightly  more  basic,  similar 
features  are  observed^  but  epidote  is  more  abundant.  There  are  no  signs  of 
•rushing  in  either  slide. 

E.  2910.]  Specimen  from  near  western  margin  of  Oatland  granitite. 

Granitic  ground-mass  with  very  abundant  crystalline  masses  of 
hornblende  up  to  J  inch  across. 

Micro,  This  rock  has  a  ground-mass  quite  like  that  of  the  rest 
of  the  Oatland  granitite,  made  up  of  much  clouded  felspar 
embedded  in  quartz.  Embedded  in  this  is  green  hornblende 
which  appears  to  be  original,  and  a  considerable  quantity  of 
another  mineral  which  has  high  refractive  index,  low  double 
refraction,  slight  pleochroism,  and  a  muddy  brown  colour,  and 
in  certain  sections  splits  up  with  a  fine  ragged  cleavage  like  a 
mica  ;   the  extinction  appears  to  be  straight.    Embedded  in 
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this  rock  are  laive  rounded  grains  of  uralitized  augite  of  a  pale 
green  colour  and  very  slight  pleochroism.  Thev  are  always 
bordered  with  a  more  or  less  complete  ring  of  green  horn- 
blende. These  augites  probably  compare  with  those  in  one  set 
of  greenstones. 
Hornblende  granitite  containing  augites. 

Another  slide  [2911]  from  a  similar  rock  on  the  north-eastern  side  of  die 
granitite  showed  the  same  features,  intensified. 

[E.  2900.]  Knobs  of  basic  rock  in  normal  Oatland  granitite. 

These  are  large  black  knobs  containing  large  hornblendes  in  a 
felspathic  matrix,  loaded  with  hornblende  at  the  margin. 

Mkro.  The  **  normal "  rock  furthest  from  the  junction  shows, 
first  of  all,  chlorite  after  biotite,  mingled  with  green  idio- 
mor])hic  hornblende,  and  the  usual  felspar  and  quartz  of  the 
{pramtite.  Then  a  brownish-green  homolende  b^ns  to  come 
m  ;  then,  one  or  two  large  patches  of  mingled  green  and  brown 
hornblende  associated  round  a  fibrous  mass  of  actinolite  (I) 
(the  centre  is  probably  uralitized  augite).  The  felspars  are 
very  much  clouded,  and  increasingly  so  towards  the  mazgiD, 
where  only  small  traces  of  biotite  are  left. 

Across  the  boundary  into  the  basic  knot  everything  beoomee 
allotriomorphic,  and  large  masses  of  felspar  grains  occur,  widi 
hornblende  masses  submerged  in  them.  The  bombleDde^  as 
before,  is  green  and  brown  mingled,  and  the  associatioD  is 
suggestive  of  the  hornblende  outside,  as  if  it  had  been  derived 
from  here.    Quartz  occurs  only  very  occasioncdly. 

The  chlorite  in  this  slide  is  be^nning  to  take  on  the  characters 
of  the  imidentified  mineral  m  [2910]. 

[E.  2919.]  Basic  part  of  Oatland  intrusion. 

A  dark-green  homblendic  rock  showing  large  faces  of  hornblende. 

Micro,  The  chief  mineral  here  is  augite  more  or  less  changed 
into  uralite,  but  often  unchan^^ed.  Interpenetrating  it  in 
ophitic  fashion  is  much  brown  hornblende  m  tiny  particles: 
round  the  edges  and  sometimes  enclosing  one  or  several 
augite  grains,  but  in  optical  continuity  with  them,  is  much 
brown  hornblende.  A  third  mineral  in  cloudy  highly  re- 
fracting irregular  grains  is  abundantly  present;  it  may 
possibly  be  one  of  the  epidotes,  but  has  not  been  definitely 
identified.    Some  ilmenite  or  ma^etite  is  present 

BaUabv/nt  Dyke, 

About  2i  miles  n.x.e.  of  the  Oatland  intrusion  there  is  a  small  boss  or 
dyke  of  igneous  rock  of  abnormal  composition  which  has  some  features  in 
common  with  part  of  the  Oatland  mass,  and  is  therefore  described  here. 
The  details  respecting  the  exposure  have  been  given  in  Chap.  IV.,  p.  170. 
The  following  is  the  petrographical  account  of  the  rock  : — 

E.  2831.]  Pornhvritic  mass :    quarrv  on  w.  side  of  road  striking  s.  from 
Batlapadddg^  near  Ballabunt. 

Macro.  Large  dark-green  porphyritic  crystals,  sometimes  \  inch 
in  length,  in  a  nearly  white  fine-grained  matrix. 

Afic7'o.  This  rock  has  decided  aflSnities  with  the  medium  basic 
rock  of  Oatland.  There  are  large  masses  of  uralitized  augite, 
pale  green  and  slightly  rjleochroic,  often  with  actinolitic 
tangles  in  their  interior,  while  the  outer  border  is  frequently 
changed  into  dark  green  hornblende  in  exact  opti(^  con- 
tinuity. Small  interior  patches  of  fibrous  colourless  amphibolc 
(?  tremolite)  occur  occasionally  inside  these  masses.  A  little 
compact  green  (original)  hornblende  is  present,  and  a  consider- 
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able  quantity  of  biotite  now  entirely  altered  into  chlorite,  and 
a  few  grains  or  skeletons  of  ilmenlte,  more  or  less  changed  to 
leucoxene.  The  felspars  are  idiomorphic,  just  like  those  of 
Oatland,  and  changed  to  mica  masses;  even  the  genus  is 
indeterminable :  they  project  into  quartz  with  exactly  the 
Oatland  habit.    Augitic  granitite. 

Another  slide  from  the  same  quarry  [£.  1982]  is  practically  identical  with 
the  above,  but  apatite  is  present,  and  occasionally  microcline  takes  the 
place  of  interstitial  quartz. 


BockB  of  Doubtful  Origin. 

In  the  preceding  pages  reference  has  been  made  to  the 
occurrence  among  the  Manx  Slates  of  bands  of  rock 
reeardmg  the  original  character  of  which  neither  the  field- 
evidence  nor  the  microscope  gave  definite  results.  From  the 
prevalence  of  dyke-rocks  in  which  the  igneous  structure  is  barely 
recognisable,  it  is  probable  that  most  of  these  doubtful  rocks 
are  also  of  igneous  origin.  Numerous  slides  of  these  rocks  were 
prepared  and  examined,  but  as  they  rarely  present  any  salient 
features,  being  usually  in  the  condition  of  fine-grained  schists,  it 
is  needless  to  enter  into  details  respecting  tnem.  The  only 
example  which  will  be  given  is  the  following,  which  presents 
somewhat  unusual  characters. 

[E.  2394.]  Pale  hard  bed  ;  ?  dyke-rock.    Second  side-glen  w.  of  Block  Eary, 
*Ballaskella. 

Micro.  Compact  pale  rock  rich  in  quartz :  some  pyrites  and  a 
white  cleavable  mineral  in  small  grains.  In  its  present  state 
the  rock  is  undoubtedly  clastic  and  made  almost  solely  of 
quartz,  with  bands  parallel  to  the  quartz-veins  probably  made 
of  a  carbonate,  which  does  not.  however,  appear  to  be  calcite, 
and,  as  it  is  generally  associated  with  iron  ore,  may  possibly 
be  leucoxene.  I  cannot  make  out  anjr  felspar  at  all  in  the 
rock,  nor  can  I  name  the  cleaved  mineral.  The  structure, 
however,  must,  I  think,  have  been  produced  in  situ,  as  the 
grains  fit  one  another  exactly  or  else  are  separated  by  a  minute 
mosaic  whose  grains  similarly  fit  together.  The  grains  in  the 
quartz- veins  similarly  accommodate  one  another.  Average  size 
of  main  grains  '005  m.,  of  mosaic  grains  '001  in. 
A  minute  quartM-hreccia, 


Supposed  Tii£ 

The  curious  isolated  patch  of  andesitic  breccia  outcropping  among  the 
Manx  Slates  near  Dalby,  as  described  in  Chap.  IV.,  p.  163,  presents  the 
following  characteristics : — 

[E.  2118.]  Andesitic  breccia  or  tuff  (?) :  field-road,  100   yards  e.  of  high 
road  at  Ballaquane,  near  Dalby. 

Micro,  An  andesite  with  needles  of  plagioclase  in  what  has 
been  glass  but  is  now  turbid  and  isotropic  :  holes  and  veins 
filled  with  quartz,  chlorite,  and  siderite  :  no  trace  of  "  bombs/' 
and  the  rock  has  every  appearance  of  having  been  brecciated 
in  iiiu, 
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[£.  298A]  and  [E.  2986].  Same  rock  as  last :  small  quarry  in  field,  50  yards 
B.W.  of  last. 

Micro.  The  fipround-mass  is  very  obscure,  but  contains  felspar 
crystals  :  the  fragments  are  mainly  of  an  andesitic  or  felsitic 
nature — ^probably  both,  angular  aiia  set  in  a  much  finer-grained 
matrix  without  any  sign  of  stratification.  Each  slide  contains 
lapilli — probably  once  glass — full  of  spherical  amygdaloidi 
Andesitic  tuff. 

A  rock  shown  by  the  microscope  to  have  some  affinity  to  the  above,  but 
supposed,  when  the  specimens  were  collected,  to  be  a  dyke,  was  observed  in 
two  places  in  the  s.w.  comer  of  the  Island,  but  unfortunately  in  both  cases 
in  limited  and  obscure  exposures.  The  slides  from  these  places  are  :— 

[E.  2105.]  Sheared  dyke  (?) :  N.  side  of  road  at  most  easterly  house  of 
Cregneish. 

Micro.  A  breccia  made  of  a  trachytic  kind  of  rock  solely.  The 
fragments  are  generally  rounded,  and  consist  of  a  rock  made 
up  of  felspar  prisms  (l&ths)  embedded  in  interstitial  miartz 
(with  (?)  felspar).  Occasionally  a  mica  pseudomorph  is  toond 
in  them.  Wnat  ground-mass  there  is  seems  to  be  chlorite  and 
quartz  grains.  It  must,  I  think,  be  a  rock  of  trachytie 
cnaracter  broken  up  in  situ. 

[E.  2109.]  Grit  or  dyke  (?)  :  Hillside  40  yards  N.  of  road,  500  yards  B.N.K. 
of  Chasms  House. 

Micro.  Related  to  [21051  and  either  an  igneous  rock  brecciated 
in  situ  or  a  volcamc  tun  :  fra^^ents  rather  more  roimded  than 
in  [2105],  as  if  waterwom. 


II.  Carboniferous  Volcanic 

As  the  petrography  of  the  Carboniferous  Volcanic  Rocks  has 
been  treated  of  in  detail  by  Mr.  B.  Hobson  in  the  paper  already 
cited,  and  as  the  present  investigation  has  confirmed  nis  results, 
it  will  be  sufficient  here  to  give  one  or  two  illustrative  examples 
of  the  more  conspicuous  of  these  rocks,  with  a  few  additional 
notes  on  points  not  dealt  with  by  Mr.  Hobson.  The  compUcated 
structure  and  general  relations  of  the  series  have  been  discussed 
in  an  earlier  chapter  (p.  226). 

The  following  is  a  general  description  of  the  porphyritic  basaltic  rocb 
forminff  the  Stack  of  Scarlet  and  tne  broken  dyke-like  ridges  (probably 
originally  lava-flows :  see  p.  248  and  Figs.  68,  70)  between  tne  »Stack  and 
Cromwelrs  Walk,  based  on  the  slides  [1802],  ri803],  [1804],  [iSO/il  [1806],  and 
[1807]  of  the  Survey  Collection.  The  rocks  are  of  a  dark  greenish-grey 
colour,  with  ]X)rphyritic  plagioclase  crystals  up  to  J  inch  in  length,  and  an 
often  amygdaloiaal,  especially  at  the  margin. 

Under  the  microscope  the  structure  is  usually  porphyritic.  with  large 
idiomorphic  plagioclase  crystals  in  a  ground-mass  of  small  needle-like 
felspars  embedded  ophitically  in  chlorite,  calcite  and  abundant  iron-ores. 
In  one  of  the  slides  [1804],  however,  the  large  felspars  are  absent  In 
another  [1803]  chlorite  replacements  aiter  olivine  or  hypersthene  are  recog- 
nisable. The  aniy;;dulos  are  filled  with  carbonates,  chlorite,  quartz,  and  a 
zeolite,  the  last  generally  radiating. 
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Mr.  Hobson  applied  the  term  ^'augite-porphyrite''  to  these  rocks,  but  as 
they  all  belong  to  the  basic  rather  than  to  the  intermediate  group,  and  as 
augite,  though  no  doubt  originally  present,  can  no  longer  be  recognised  in 
them,  it  seems  preferable  to  style  them  "porphyntic  diabases,"  using  **  dia- 
base in  the  ordinary  sense  of  an  altered  dolerite.  In  the  generaTstrati- 
graphical  descriptions  given  in  Chapter  V.,  the  common  term  "basalt"  has 
been  applied  to  them  in  a  broad  general  way. 

Mr.  Hobson  has  described  a  dyke-rock  ("the  melaphyre  dyke *^  occurring 
at  the  northern  margin  of  the  Volcanic  Series  at  Scarlet,  wmch  oiffers  from 
the  rocks  above  described  only  in  the  presence  of  recofi^sable  crystals  of 
aogite  and  i^udomorphs  after  olivine.  There  is  no  douot  that  this  dyke  is 
connected  with  the  Volcanic  Series,  and  is  therefore  of  Carboniferous  age. 
Another  dyke  which  appears  to  be  of  this  age,  also  described  by  Mr.  Hob- 
son,  occurs  on  Langness  (see  p.  195),  rising  through  the  slates  into  liie  over- 
lying Carboniferous  Ck)nglomerate.    Its  characters  are  as  follows : — 

[£.  1807.]  Dyke  cutting  slates  and  conglomerate :  n.  end  of  The  Arches, 
Langness. 

Micro.  Amygdaloidal  diabase,  much  decomposed ;  minerals 
entirely  gone,  but  shapes  of  felspars  quite  unmistakable. 
Amygdules  consist  of  fine  chlorite  with  idiomorphic  dolomite 
crystals  embedded,  and  the  outside  of  the  cavities  appear  to 
have  been  of  interstitial  matter  which  was  abundant  in  the 
rock. 

Another  dyke  which  may  belong  to  the  Carboniferous  group  occurs  on  the 
outer  margin  of  the  shore  south  of  Castletown  harbour,  as  described  on 
p.  203.    The  following  is  a  slide  of  this  rock  : — 

[E.  1954.]  Dyke  or  boss  in  Carboniferous  Limestone  :  Creg  AV/nocie,  Castle- 
town Bay.    Compact  grey  rock  with  a  brown  crust. 

Micro.  Much  decomposed  to  calcite  and  chlorite  ;  resembles  the 
Carboniferous  set.  Felspar  needles  in  ground-mass  amongst 
chlorite  and  interstitial  matter  which  increases  neaj-  tne 
amygdules,  and  eventually  forms  a  ring  round  them  some- 
times thicKer  than  the  diameter  of  the  amygdules  themselves. 
The  latter  are  almost  entirely  calcite  witn  a  little  chlorite. 
The  interstitial  matter  has  been  quite  a  tachylyte  filled  with 
rods  of  iron  ore. 

Li  a  slide  [E.  1953]  from  another  part  of  the  mass,  where  the  rock  was  of 
dai'ker  colour  and  more  definitely  crystalline,  it  more  nearly  resembled  a 
fairly  coarse  ophitic  olivine-dolerite  of  the  supposed  Tertiary  group,  much 
decomposed. 

The  reef  Lheeah-rio,  which  is  uncovered  at  low  water  in  Castletown  Bay 
about  i  mile  s.k.  of  Creg  Kermode,  seems  for  the  reasons  given  on  p.  247  to 
be  more  closely  associated  with  the  Carboniferous  Volcanic  Series  tnan  with 
the  later  set  of  olivine-dolerite  dykes.  The  petrographical  evidence  tends 
to  link  it  with  these  later  dykes  ;  but  as  the  two  slides  from  Cre^  Kermode 
show  that  different  parts  of  the  same  mass  may  suggest  association  in  one 
case  with  the  Carboniferous  Series  and  in  another  with  the  later  set,  this 
evidence  can  scarcely  be  regarded  as  decisive.  The  following  is  the 
description  referred  to  : — 

[K  1955.]  Basaltic  rock  :  from  near  the  centre  of  Lheeah-rio,  Castletown 
Bay. 

A  dark-green  medium-grained  massive  rock. 

Micro,  Ophitic  olivine-dolerite  without  phenocrysts  and  with 
hornblende  replacements  of  olivine  ;  the  augite  is  pale-brown — 
not  so  deep  as  in  the  Strandhall  dyke  [1808]  (see  p.  328).  A 
zeolite  which  appears  to  be  analcime  occurs  between  the 
felspar  laths.  The  balance  of  evidence  is  in  favour  of  associating 
this  slide  with  the  olivine-dolerite  set  rather  than  with  the 
Scarlet  set. 
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In  a  few  places  outside  the  limits  of  the  Carboniferous  tracts, 
basic  intrusive  rocks  occur,  which  so  far  as  their  microscopic 
structure  is  concerned  might  be  classed  with  the  Carboniferous 
set ;  but  in  most  cases  the  field-evidence  affords  no  ground  for 
separating  them  from  the  pre-Carboniferous  greenstones  along 
with  which  they  are  found.  The  diverse  character  of  the 
greenstones  has  already  been  discussed,  and  it  must  be  acknow- 
ledged that  some  are  of  later  date  than  others ;  but  until  better 
evidence  is  forthcoming  to  discriminate  their  age,  it  is  perhaps 
safest  to  regard  all  the  dykes  of  the  Manx  Slate  area  as  pre- 
Carboniferous,  except  the  (Tertiary  ?)  olivine-dolerites.  Among 
the  dykes  which  have  been  thougnt  to  show  petrological  affinity 
to  the  Carboniferous  set  were  two  on  the  west  coast  near  Peel, 
and  another  in  the  interior  two  miles  west  of  Peel  (see  p.  156); 
and  these  are  all  close  to  the  margin  of  the  Peel  Sandstone,  but 
do  not  intrude  upon  that  formation,  and  are  therefore  scarcely 
likely  to  be  of  later  date.  Further  details  will  be  found  in 
Chap.  IV.  as  to  the  localities  where  greenstone  dykes  of  the 
newer  aspect  occur. 

Volcanic  Ash  and  Ashy  Liniestone. 

The  structure  and  composition  of  the  volcanic  ash  is  sufficiently  described 
in  the  passages  (quoted  on  pp.  228-33,  from  Sir  A.  Geikie's  account  of  the 
series,  tne  petrographical  examination  under  the  microscope  having  revealed 
no  additional  features.^  In  most  of  the  slides  no  signs  of  crashing  woe 
visible.  A  specimen  from  one  of  the  strips  of  chert  enclosed  in  the  ash  aft 
Close  ny  Chollarfh  Point  (p.  236)  was  cut  and  examined  [E.  29^] :  it  is 
seen  to  be  rudely  bedded  and  twisted,  and  exhibited  no  trace  of  clastic 
grains,  and  no  organisms.  An  ashy  limestone  from  the  same  locality 
[E.  2991]  (see  p.  ^37)  proved  to  be  made  up  of  fn^raents  of  crinoida, 
corals,  shells  and  other  organisms,  with  indubitable  lapilli  of  a  basaltic 
rock,  full  of  bubbles,  and  no  clastic  fragments  of  any  other  kind.  A  slide 
of  calcareous  ash  [E.  2993]  just  below  a  small  thrust-plane  on  the  foreahoie, 
N.w.  of  the  Poolvash  quarry  (p.  235),  showed  the  vesicles  to  be  drawD 
out  and  twisted,  and  a  certain  amount  of  veining  parallel  to  the  twiBting 
direction,  rather  suggesting  that  the  rock  had  oeen  crushed.  Other 
slides  of  the  disturbed  rocks  exhibited  little  or  no  indication  of  stmctuial 
modification. 

1  See  also  Mr.  B.  Hobson's  descriptions  :  op,  cit,y  pp.  44S-3, 
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m.  The  Post-Carboniferous  (Tertiary  ? )  Olivine-dolerite 

Dykes. 

Cumming  was  the  first  to  distinguish  between  these  dykes 
(the  newest '  solid '  rocks  of  the  Island)  and  the  older  intrusives. 
Beyond  the  fact  that  they  are  Post-Carboniferous  there  is  no 
direct  evidence  for  their  age  in  the  Island,  but  as  they  agree  very 
closely  in  composition,  mode  of  occurrence  and  'general  north- 
westerly direction  of  strike,  with  the  basaltic  dykes  of  Tertiary 
(Miocene)  age  in  Ireland,  Scotland,  and  the  North  of  England,  it 
is  believed  that  they  belong  to  the  same  period  of  eruptive 
activity.  They  are  especially  numerous  in  the  Carboniferous 
rocks  of  the  south  of  the  Island,  where  they  have  been  frequently 
studied ;  but  om:  mapping  has  shown  that  they  occur  at  irregular 
intervals  throughout  the  slate-massif  also.  Tiiey  tend  to  run  in 
groups,  which  probably  traverse  the  Island  from  side  to  side, 
though  the  individual  dykes  can  rarely  be  traced  for  more  than 
a  short  distance.  They  are  well-exposed  in  the  coast-sections, 
but  more  rarely  in  the  interior  owing  to  their  rapid  destruction 
by  weathering.  They  appear  to  decrease  in  numbers  with  the 
altitude  of  the  surface,  and  not  a  single  example  has  been  found 
at  over  700  feet  above  o.d.  (See  list,  p,  329.)  If  not  simply  due 
to  weathering;  and  consequent  lack  of  exposures,  their  absence 
at  jgreater  altitudes  may  imply  that  the  injection-pressure  was  in- 
sumcient  to  force  them  up  through  the  higher  ground  of  the  Island. 

The  dykes  vary  in  width  from  an  incn  or  two  to  about  24  feet 
(excluding,  as  doubtfully  of  this  age,  the  much  larger  masses  of 
Greg  Kermode  and  Lheeah-rio  previously  discussed).  The 
broaider  dykes  traversing  the  Carboniferous  Limestone  have 
decolourized  and  slightly  altered  that  rock  for  an  inch  or  two 
along  the  contact,  out  their  metamorphic  effect  is  usually 
almost  imperceptible.  Except  that  they  are  sometimes  slightly 
broken  and  shitted  by  small  faults,  these  dykes  have  suffered  no 
deformation;  and  their  intrusion  was  evidently  subsequent  to 
the  latest  of  the  severe  earth-movements  affecting  the  Island. 

The  occasionally  close  association  between  these  intrusions 
and  the  metalliferous  lodes  is  a  point  of  economic  as  well  as 
scientific  importance,  but  will  be  more  conveniently  discussed  in 
a  later  chapter  (p.  488).  In  view  of  this  practical  interest,  a  full 
list  of  the  dykes  is  given  at  the  end  of  the  present  chapter,  to  which 
the  reader  is  referred  for  detailed  information  regarding  them. 

The  petroeraphical  characters  of  the  olivine-dolerite  dykes  of  the  south 
of  the  Island  have  been  carefully  described  by  Mr.  B.  Hobson,  and  we 
have  nothing  to  add  to  his  detailed  account  of  their  structure.  It 
will  l»e  sufficient  to  give  for  comparison  a  short  abstract  of  the  features 
of  a  typical  slide  from  this  area,  and  afterwards  an  account  of  two  or  three 
slides  iTom  other  parts  of  the  Island  where  these  dykes  had  not  previously 
been  recognised. 

[E.  1808.]  18  ft.  dyke  :  beach  at  Strandhall,  Bay  ny  Carrickey.    Greenish- 
black  massive  rock. 

Micro.  Sub-ophitic  ;  plagioclase  laths  ;  pale-brown  augite  quite 
fresh  ;  large  ^een  nomblende  patches  which  are  almost  cer 
^nly  after  olivine ;  glass-patches  of  considerable  size. 
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[E.  2001.]  Dyke,  croasing  b  branch  of  Colby  stream,  160  yards  above  jun^ 
tion  at  BfiJlEkcannell,  Arbory. 

A  dark  olivine-basalt  with  lar^  cleava^  faces  of  an^pte, 
twinned  felspar  and  probably  olivine :  dark  brown  weatheriDg. 

Micro,  Precisely  similar  to  [18081  An  ophitic  olivine-dolerita 
with  violet  brown  slightly  pleocnroic  augite  embedding  long 
clear  plagioclase  latl:^.  The  augite  shows  no  decompoeiticnL 
There  are  considerable  masses  oi  green  alteration  prodacti, 
varying  from  almost  colourless  to  yellow,  brown-yeUow,  light| 
dark  and  turbid  green.  The  yellower  varieties  occur  m 
masses  suggesting  the  shape  of  olivine  crystals,  and  someAimei 
infill  the  felspars.  The  very  light  occurs  in  spheroidal  aggregate!, 
also  probably  after  olivine.  The  darker  and  turbid  greens  are 
strongly  pleochroic  with  straight  (so  far  as  it  can  be  determined 
in  them)  extinction*  These  have  the  other  reactions  of 
hornblende,  and  are  somewhat  fibrous  in  arrangement  under  s 
high  power.  Passibly  this  may  be  ptliu.  No  trace  of  any 
interstitial  matter,  only  here  and  there  smaller  felspan 
amongst  the  serpentine.  The  pseudomorphs  often  occur  in 
augite  plates,  another  point  in  favour  ot  their  being  after 
olivine.  The  augites  are  often  reduced  to  thin  plates  between 
felspars.    A  good  deal  of  magnetite  is  present  in  large  crystals. 

E.  2408.]  Dyke  ;  Narradale  stream,  300  yards  E.  of  Grangee^  Sulby. 

This  rock  is  a  porph3aitic  olivine-basalt  It  contains  long 
twinned  laths  of  plagioclase  felspar,  and  grains  of  ohvine 
which  are  absolutely  fresh,  set  in  a  olexus  of  felspar  needles, 
which  again  are  embedd^  in  small  grains  of  brown  augite. 
The  rock  might  well  be  a  Tertiary  dyke. 

It  is  probably  a  prolongation  or  branch  of  this  dyke  which  traverses  the 
crush -conglomerate  and  also  intersects  one  of  the  old  *  greenstone'  intru- 
sions in  the  quarry  at  Kerroo  Mooar,  700  yards  to  the  nortn-eastward.  (See 
p.  134.) 

The  last  two  dykes  to  be  described  diflfer  from  the  normal  type  of  olivine- 
dolerites,  and  some  doubt  is  felt  as  to  their  inclusion  with  this  gronp. 
Indeed  the  last  of  the  two  [2498].  as  described  on  p.  152.  has  such  a 
distinctive  aspect  in  the  field  that  it  nas  not  been  includ^  in  tne  subjoined 
list  of  olivine-dolorites. 

[E.  1956]  and  [2818.]  Basaltic  dyke:    200  yards  s.w.    of  Slack  Indigo, 
Douglas  Head.    A  black  compact  basalt. 

Micro,  A  tholeiite  with  intersertal  structure.  A  few  clear 
sanidine  -  like  crystals  of  plagioclase.  A  mesh-work  of 
plagioclase  laths^  well  preserved  and  bright  and  clear.  The 
LTound  is  much  imjiregnated  with  carbonates  and  no  glass  can 
be  found,  though  there  is  good  reason  to  believe  it  once 
existed  and  is  now  devitrified.  Decided  grains  of  augite,  a 
good  deal  altered  to  chlorite  and  calcite  occur  between  the 
felspars  ;  they  are  colourless,  with  the  usual  reactions.  Plenty 
of  minute  crystals  and  rods  of  magnetite.  No  decided  olivines, 
but  serpentine  pseudomorphs  after  enstatite  or  ohvine, 
probably  the  former.  No  certain  analcime ;  occasional  calcite 
amygdaloids,  round  which  is  generally  a  zone  of  elongated 
plagioclases.    Basalt  (tholeiite),  probably  Tertiary. 

[E.  2498.]  3  to  4  ft.  porphyritic  dyke  :  cliff"  at  the  Clytt,  Clay  Head  (p.  152). 

Micro.  Large  porphyritic  felspars,  and  probably  olivines  m 
much  decomposed  condition  embedded  in  ophitic  dolerite 
matrix,  in  which  the  minerals  are  much  altered  to  chlorite, 
calcite,  etc.    This  is  likely  to  be  a  Tertiar  ;dolerite. 
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List  of  Outcrops  of  thb  Post-CabbonIfebous  (Tertiary?)  Olivine. 

DOLERiTE  Dykes  in  the  Isle  of  Man. 

Note.— Of  these  dykes,  those  of  the  south-western  coast  probably 
represent  the  prolongation  of  those  of  the  south-eastern  coast ;  and  of  the 
last-mentioned,  certain  dykes  seen  on  the  outer  or  eastern  shore  of  Lang- 
ness  no  doubt  reappear  on  both  sides  of  Castletown  Bay,  and  a^ain  on  the 
eastern  side  of  Bav  ny  Carrickey,  but  as  their  individual  identification  is 
difficult  or  impossible,  all  the  outcrops  are  recorded  separately.  Unless 
otherwise  noted  the  dykes  are  intrusive  into  the  Manx  Slate 
Series.  Place-names  in  italics  are  those  not  given  on  the  one-inch 
Ordnance  Map.  The  distances  given  below  have  been  measured  on  the 
-inch  field-map. 


r 
H 


L7 


n 


le 


Locality. 


NoRTH-EAsriRir  District. 
Cliff  aod  shore  d.  of  Mangholi  UMui,  W.  side  of 

Dhifrnang 
Cliff  and  ibore  S.  of  Manghold  Head,  100  yds.  8. 

of  Dkymane 
dlff  and  shore  S.  of  Maughold  Head,  S.  of  Port 

Mooar,  aooyds.  S.  of  cottage 
Inland ;  head  of  glen  adjoing  Oleo  Aoldjn  at 

Balleigheragh 
Inland ;  S.  fork  of  aboTe  glen,  GOyds.  8.  of  last  • 


do.       KefToo  If  ooar,  in  itone  quarry 


do.       bed  of  etream  in  golly  SOOyds.  E.8.S. 
of  Cronk  Snmark 


BAflTIBll  ARD  CBITTBAL  DISTRICT. 

diff  1  mile  3.  of  Laxey,  opposite  Ballabeg   • 
do.  I  mile  8.  of  aay  Bead,  east  of  Ballakilley   • 
do.  I  mile  8.  of  Douglas  Head,  SOOyds.  8.W.  of 

Slack  Indigo 
do.  2  miles  S.E.  of  Douglas  Head  at  extremity 
of  little  Ness 

da  2  miles  S.S.  of  Douglas  Head,  recess  west 

side  of  Little  Ne«s 
Shore  in  middle  of  Fort  Soderlck  .... 
Cliff  iOOyds.  8.  of  Port  Roderick. 

do.  UOyds.  W.  of  Purt  Veg,  Santoo    - 

do.  and  care  100yd «.  E.  of  Port  Greenaugh 

Shore  160  to  snoyds.  W.  of        do. 
dc.    and  cliff,  400yd 8.  W.  of    do.  ;   100 

yards  W.  of  Traie  ny  GUI 
Shore  and  cliff,  about  40yds.  W.  of  last 
Shore  600yds.  east  of  Port  Soldrick,  Santon 
do.  and  cliff,  32(^ds  E.  of      do.  „ 

Inland  ;  at  East  Foxdale  Mines,  Eairy  > 
do.;  S.W.  of  South  Barrule  in  feeder  of  Silver- 
hum,  85()yds.  sbove  Castletown  reserroir 

Inland ;  S.W.  of  South  Barrule ;  in  the  west 
arm  of  SIlTerbum,  SOyds.  below  highroad  at 
Oarey  Mooar 

Inland  ;  stream  260yds.  W.  of  Ballacanne)l,  near 

bead  of  Colby  River 
Inland  ;  Colby  Biver,  SQjds.  below  CoGfy  Com 

MiU 
Inland;  B4llalfbey  62en,   at    parish  boundary 

60Qyda.  W.  of  Colby 
Inland;  Ballacorkiah Lead  llinea 


Average  Width 
of  Dy  ke. 


8ft. 
4ft. 
Oft. 

8ft.and  branches 
? 

1ft.  to  2ft. 


6ft. 
4ft. 
5ft. 

two,  each  about 
Sin. 

two,  each  about 
6in. 

4iD. 

1ft. 

Utt.  and  flier 

lift. 

1ft. 

1ft.  to  2ft. 
2ft. 

8ft. 

1ft.  and  flier. 

ift. 

? 

Uft. 


abt.  lOft. 

8ft.  and  flier  1ft. 

? 

? 


Average 

Direction  of 

Strike. 


N.  86*  W. 
W.  16">. 
W.  40'  N. 
W.  86*  N. 

N.  15'  W. 


,W.  16"  8. 
N.  86'  W. 

N.  40"  W. 

N.W. 


N.  20"  W. 

W.  80*  N. 

irregular,    W. 

16' N. 

N.  SO*  W. 

irregular,  W. 

W.  toW.10*8. 
N.  86*  W. 

N.  Si*  W. 
W.  18*  N. 
N.  40*  W. 

? 
N.  40*  W. 


N.  26*  W. 

W.  40*  N. 

W.  10*  N. 

W.  10*  8. 

? 


Seroarks. 


"Umber  Mine  "dyke, 

see  p.  126. 
vein-stuff  on  8.  side. 

hematitic  vein-stuff  on 
N.B.  side. 


scanty    ezpo-^ 
sure  near  old 
lead      work- 
ings. 

also  in  adja- 
c  e  n  t  old 
mine,  see  p 
184. 

Inadequate  ex 
posure ;  rock 
unusually 
frcbh,  see  p. 
828. 


^2 
o 

II 

o 


I 

well  exposed:  lee  p.l61 

clasfiiflcation  donbt« 
lul ;  see  p  8^ 

perhaps  fliers  from 
lan^^r  dyke  not  ex- 
posed. 

perhaps  prolongation 
of  last. 

classification  doubtful 


with  vein  stuff. 


accompany  fault  stuff 

bee  p.  514 

much  decomposed ;  at 
altitude  of  about 
700ft. 

much  decomposed : 
worked  in  adit ;  at 
altitude  of  about 
700ft. 

unusually  fresh  ;  alti- 
tude about  460ft. 


at  trial  adit 
seep.  682 


\ 


Tall  one 
dyke. 
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Kmnber 

of 

Six-inch 

Sheet. 

Locality. 

Average  Width 
of  I)yke. 

Average 

Direction  of 

Strike. 

Reaai 

SOUTH-WlSTBBH  COAST. 

Sheet  12 

Shore  and  elifr,  QOOyde.  N.  Of  Dalbj  Point  • 

Sft. 

N.  80"  W. 

also  two  SBU 
80yds.  SI 
north  oft 

MA 

do.          North  Bide  of        do. 

2^ft. 
2lft. 

w.  arN. 

If 

do.          South    „    „     „    „  at  Bay   ny 

W.SO"N. 

Ooig 

» 

SfiOydB.  N.  of  Stroin  Vnigh 

Sft. 

W.  16'  N. 

91 

Shore  and  cliff,  under  Crook  ny  Arrey  Lhaa, 
rojrdi.  S.  of  Stroin  Vnigh 

6ft. 

W.SO-N. 

coti  a  irfer 
dyke. 

Bhtet  16 

Shore  and  cliff,  under  Oob  ny  Beiitn,  SOQyda.  S.  of 
TheStackB 

1ft. 

W.  85*  N. 

cuts  a  Bito 
dyke;  n^ 

UMTdoitk] 

anotte 

poorly  OfS 

t§ 

Shore  and  cliff,  )  mile  N.  of  Fleehwiclc,  S.  side  of 

4ft. 

N.  86*  W. 

Oub  ny  Traie  Ruy 

w 

Shore  and  cliff,  N.  side  of  Fleehwiclc,  250ydB.  S. 
of  RacUy 

1ft. 

N.  40"  W. 

probaUysBoll 
SSjdsBsrtI 

Sheet  15 

Shore  and  cliff,  SOOydi.  W.  of  Fleahwiclc ;  W. 
■ide  of  Lhoob  tiy  Charran 

Sft.  branching 

N.  SO*  W. 

old  ntaiBC 
ad|ao«L 

It 

Shore  and  cliff.  North  Bradda  Mine,  acccompany- 

ing  lode 
Shore,  North  Bradda  Mine,  striking  off  from 

1ft.  to  2't. 

N. 

8eep.&». 

ii 

Sft. 

W.  26*  N. 

see  p.i»:  p 

'W 

lode 

sesB  siM 

inlswL 

SOUTH-BA.STBBN  COAST.  ^ 

Sheet  16 

Shore  160y  ■.  N.  of  Loch  Skillicore  ;  in  Carb. 

1ft.,  8ft.,  1ft.. 

N.  40*W. 

ioterlaeiBg  gn 

Limestone 

8ft.,  etc. 

B^venl^yk 

19 

Shore,  Derby  Haven,  E.  of  Brtaktoater,  ISOyde. 
N.B.  of  lighthouse,  in  Carb.  Conglomerate 

2rt. 

N.W. 

and  Limestone 

n 

Shore,  Derby  Haven,  E.  of  Breakwater.  120yds. 
N.E.  of  lighthouse,  in  Carb.  Conglomerate 

7ft. 

N.W. 

and  Limestone 

It 

Shore,  Derby  Haven,  ISOyds.  8.  of  lighthouie,  in 
Carb.  Conglomerate  and  Limestone 

6  to  Oft. 

W.  86'  N. 

aceooipsajiil 

n 

Shore,  Derby  Haven,  at  N.  end  of  Causeway  to 
St.  Michael's  Island 

lift. 

W.  ICN. 

1  probsblye 

r        tJflB     f 

n 

Shore,  Derby  Haven,  65yds.  N.  of  Causeway  to 

2ft. 

N.W. 

St.  Michael's  Island 

1        thres. 

fi 

Shore,  Derby  Haven,  at  Sb  side  of  gull/  separat- 

1ft. 

N.W. 

ing  St.  Michael's  Island  from  I^ngness 

J 

n 

Shore,  Langness,  Martha  Gullet    .... 

Uft. 

W.  20*  N. 

fi 

do.         do.        60yds.  8.  of    do.  • 

8  to  7ft, 

W.  30"  N. 

interladngp 

II 

da         do.        76  „  N.  of  The  Qoayr 

irregular 

branches 

W.  25*  N. 

loterladBgp 

If 

do.         do.        Spire  Gullet        .... 

1ft. 

N.W. 

Sheet  10 

Shorf ,  Langness,  at  Dreswiok  Point     • 

2ft. 

N.  sew. 

11 

do.         do.       at  Langness  Point     • 

Uft. 

N.20'B. 

McomptayiBi 
loae:iss] 

II 

do.    E.  side  of  Castletown  Bay,  200yds.  N.E. 
of  Port  Bravag 

4fk. 

N.  80'  W. 

probably  ■ 
Dwswickd 

t* 

Shore,   E.    side   of  Castletown   Bay,  opposite 

branches, 

N.  15'  W. 

branehloff ; 

copper  mine 

\tt,  to  Sft. 

panjiBg 
lode;sH] 

ft 

Shore,  E.  side  of  Castletown  Bay,  ISOyds.  N.  of 

branches. 

N.W. 

nnmeroQB  Isi 

copper  mine 

If u  to  4ft. 

toandMa 

n 

Shore,  E.  side  of  Castletown  Bay,  225yds.  E.S.E. 
of  Langnett  Farm, ;  in  Carb.  Conglom.  and 
L'mestone 

Sift. 

W.  20'  N. 

II 

Shore,  E.  side  of  Castletown  Bay,  W.  of  Lang- 
nest  Farm ;  in  Carb.  Limestone 

Sft. 

N.W. 

w 

Shore,  E.  side  of  Castletown  Bay,  N.W.  of  Lang' 
lust  Farm,  400yd8.  N.  of  last ;  in  Carb.  Lime- 
stone 

4ft. 

N.W. 

11 

Shore,  E.  side  of  Castletown  Bay,  100>ds.  N.W. 
of  PoyU  Breinn  \  in  Carb.  Limestone 

2ft.  and  1ft. 

N.W. 

twodjkBS.« 
aodpsnO 

11 

Shore,  outer  harbour,  Castletown  ;  in  Carb.  Lime- 

branches, 

N.W. 

aseodated  t 

stone 

8ft.f2ft.andlft. 

]e&a;nt; 

tf 

Shore,  lOOrds.  W.  of  harbour,  Castletown ;  in 
Carb.  Limestone 

2ift. 

W.  26*  N. 

1  A  list  of  the  dykes  of  this  district  has  been  compiled  and  privately  printed  by  Mr.  B. 
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19 


Locality. 


Shore,  8.  of  CMtletown,  opposite  Knoekrtuhen  ; 
in  Garb.  LimMtooe 

Shore,  8.  of  CMtletown,  ISOydi.  8.  of  Knodc- 
m^Un  :  in  rmrb.  Limestone 

Shore, 8.  of  Csstlet  iwn,  SO^da.  8.  of  last ;  in  Csrb. 
Limestone 

Shore,  8.  of  CnsUetown  ;  old  landing  place  oppo- 
site Scarlet  Hou$e ;  in  Carb.  Limestone 

Shore.  8.  of  OsftUetown  ;  **  Crea  JCermods/  at  low 
water  spring  tides,  opposite  SearUt  Mo%ue  ; 
in  Carb.  Limestone 


Lheeah  rio :  low  water  reef  in  Castletown  Bay 
Shore,  SOOydi.  N.  of   Scarlet  Point ;  in  Carb. 

Limestone 
Shore,  in  recess  K.  side  of  Scsrlet  Point;  in 

Csrb.  Limestone 
Shore,  from  260jds.  W.  of  CromwelTt  Walk  to 

within  aOOjds.  of  CIom  ay  Ck0aogh  Point ;  in 

Yoleanic  Ash 
Shore,  near  northern  termination  of  last,  SOyds. 

and  60yds.  further  N. 
Shore,  8.  side  of  Poyll  Vaaisb,  under  Fort ;  in 

CSrb.  Limestone  and  Ash 
Shore,  8.  side  of  Foyll  Yaaish  at "  marble  quarry  " 

and  thenee  across  to  low  water  8.  of  Ohaw 

Qortagh  in  Carb.  Limestone  and  Ash 
Shore,  8.  and  W.  of  Pi^ll  Vaabh  farm ;  in  Carb. 

Limestone  :  three  contiguous  d}kss 


Shore,  8.  of  BalhMioole,  W.  of  Poytt  BiehU;  in 

Carb.  LImestoue 
Shore,  8.  of  Balladoole,  W.  of  P09U  RiekU ;  three 

small  dykes 
Shore,  8.  of  Balladoole ;  at  Poyll  Brtinn  and 

across  bay  to  StrandhaU ;  in  Carb.  Limettone 


Shore,  8.  of  Balladoole.  at  Poyll  Brdnn^  60yds. 
N.  of  last ;  in  Csrb.  Limestone 

Shore,  esst  end  of  Black  Bocks  opposite  Ken- 
trangb,  160jd8.  W.  of  fault  cut'  log  out  lime- 
stone 

Shore,  eas  end  of  Black  Bocks,  OOyds.  W.  of  last 


Average  Width 
of  Dyke. 


Shore,   west  end  of  Black  Bocks,  opp. 
(rangh  House 


Ken- 


18ft.  to  24rt., 

with  fliers 

6in. 

Sin. 

2ft. 

?  boss  80-90ft. 

wide,  A  dykes 

8-lQft.  wide 


seep.  826 

4ft. 

8ft.  and  two 

fliers 
1ft.  to  2ft. 


two  small  dykes 

or  branches 
8ft.  and  fliers 

12  to  18ft. 


6ft,  8ft.,  and 
2ift. 


8rt. 

m«y     be    pro 
18ft. 


branching  group 

thickest  Sft. 

7ft. 


1ft. 
2ft. 


Aveiage 

Directiou  of 

Strike. 


W.  10*-16'  N. 

N.  16*  W. 

N.  80'W. 

W.  6*  N. 
T  W.  10'  N. 


K.  40*  W. 

W.SO-K. 

N.W. 

N.  40"W. 
W.  40'N. 

N.W. 

N.6*W. 

longation  of  Po 

N.W. 


Kemarks. 


N.W. 
N26*W. 

« 

N.tt'W. 

N.80*B.and  N. 
20' W. 


much  decomposed. 

perhaps  connected 
with  Carb.  Yoleanie 
series  ;  see  p.  826. 
Bock  much  obscured 
by  seaweed, 
do.  do. 


at  margin  of  Voleanie 

series, 
traceable  at  Intenrsls 

for  distance  of  760 

yards. 


splitting  intobranches 
near  low  water 

traceable  at  intenrsls 
from  middle  of 
Pojll  Yaaish  to 
Poyll  Richie, 

parallel  to  and  partly 

along  fault. 
jll-Vaaishgroup. 

see  p.201,  another  dyke 
obscurely  seen 
80yds.farther  south, 
at  Poyll  Breinn, 
probably  oou- 

nectcd  with  this. 

probsbly  connected 
with  last. 

cuts  older  dykss  in 
slste. 

cuts  older    dykes  in 

slate. 
?  diverted  by  a  fissure. 
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CHAPTEK  IX 

THE  GLACIAL  DEPOSITS. 
Introduction. 

From  its  geographical  position  the  Isle  of  Man  offers  an 
unrivalled  field  for  tne  study  of  the  conditions  which  have  ruled 
in  the  northern  part  of  the  basin  of  the  Irish  Sea  during  the 
Glacial  Period.  The  Island  has,  in  fs^t,  constituted  a  natur&l 
g]aciometer,  which  has  retained  the  marks  of  the  successive 
stages  of  growth  and  decay  of  that  great  invasion  of  ice  which 
hiis  been  the  most  remarkable  episode  in  the  later  geological 
history  of  our  planet.  It  is  pre-emmently  an  area  wherein  the 
several  theories  by  which  the  drift-phenomena  of  the  Irish  Sea 
basin  have  been  explained  may  be  put  to  the  test. 

In  the  pr<^s*  lit  cnapter  it  is  proposed  to  give  a  general  review 
of  the  Glacial  geology  of  the  Islana,  with  descriptions  of  typical 
examples  only  of  the  phenomena,  leaving  the  less  important 
local  details  for  record  in  a  separate  chapter. 

The  great  development  of  *  diluvium '  containing  *  compound 
rocks  not  in  ^fltti*^  m  the  northern  part  of  the  Island  was  fully 
recognised  by  the  earlier  investigators  at  the  beginning  of  the 
present  ccnr  l/.  Macculloch  ascribed  it  to  diluvial  action 
passing  from  south  to  north  and  leaving  this  material  under 
the  shelter  ot  the  Lills.^  Henslow  noticed  that  the  hardened 
sand  contained  "  fragments  of  shells  and  some  perfect  specimens 
of  recent  cerithea " ;  and  also  that  the  blocks  from  the  Dhoon 
Granite  did  not  occur  north  of  the  outcrop,  and  that  the  transport 
of  the  Foxdiile  Granite  blocks  indicated  a  current  from  north- 
east to  south-west  on  the  east  side  of  the  Island.*  In  1843  H,  S. 
Strickland*  described  the  occurrence  of  shells  in  the  drifts.  Rev. 
J.  G.  Gumming  was,  however,  the  first  to  ^ve  an  adequate 
account  ot  the  wliole  subject,  which  he  did  in  his  paper,  published 
in  1847,  on  "The  Geology  of  the  Isle  of  Man.  Part  II.  The 
Tertiary  For.ii.itions."^  In  this  and  his  later  works  Gumming 
discussed  tiu  facts  Avith  his  usual  accuracy  and  acumen, 
showing  that  ice  must  have  been  the  chief  agent  in  the 
production  of  the  drift  deposits  and  the  striation  of  the  solid 
rocks  beneath  them.  He  drew  especial  attention  to  the 
dispersal  of  boulders  of  Foxdale  Granite  on  the  hUl-range  of 
South  Barrulo  high  above  their  parent  mass,  a  subject  after- 
wards discussed  by  Charles  Darwun.^ 


*  Gv'A.  Trans.,  1st  ser.,  vol.  ii.,  pp.  46-50. 

*^\'  "ount  of  the  Western  Isles,  etc.,  vol.  ii.,  p.  626. 
'Geol.  Trans.,  ist  ser.,  vol.  v.,  pp.  495 1^503. 

*  Proc.  Geol.  Soc,  vol.  iv.,  p.  8. 

*  Quart.  Journ.  Gfeol.  Soc,  vol.  ii.,  p.  335. 

*  Quart.  Journ.  Geol.  Soc.,  vol.  iv.,  pp.  316-323. 
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CummW's  classification  of  the  superficial  strata  was  as  fol- 
lows:— "l,fioulder-clay  and  erratic  blocks;  2, Diluvium;  3, Drift- 
gravel  ;  4,  Alluvium."  As  we  shall  see,  his  divisions  correspond, 
m  the  main,  to  those  adopted  in  the  present  work. 

Among  the  later  literature,  Mr.  Jno.  Home,^  in  1874,  contributed 
a  short  sketch  of  the  subject  in  which  he,  for  the  first  time, 
ascribed  the  deposits  to  laTid-ice ;  and  Rev.  J.  Clil^ton  Ward,^  in 
1880,  published  some  useful  notes.  Mr.  J.  A.  Birds,^  in  1875, and 
Mr.  (Sir)  H.  H.  Howorth,*  in  1877,  added  papers  to  the  biblio- 
graphy of  the  subject. 

The  latest  paper  to  which  I  need  here  refer  is  that  of  Mr.  P.  F. 
Kendall,*  printed  in  1894,  which  is  the  most  valuable  contribu- 
tion to  this  Uterature  since  the  time  of  Gumming.  As  this 
paper  will  receive  frequent  mention  in  the  context,  it  is  only 
necessary  here  to  state  that  its  leading  conclusions  have  been 
confirmed  by  the  fresh  evidence  now  placed  on  record. 

The  drifts  of  the  Island,  as  of  all  glaciated  tracts,  are 
profoundly  influenced  by  the  physical  characters  of  the  ground. 
The  reader  is  therefore  recommended  at  this  stage  to  revert  to 
the  first  chapter  of  this  memoir,  in  which  the  physiography  of 
the  area  is  described,  if  he  do  not  already  possess  a  knowledge 
of  the  main  facts  therein  stated.  Except  for  the  addition  of  the 
drift-plain  of  the  north,  the  outline  of  the  Island  at  the  present 
day  is  not  much  different  from  its  outKne  just  before  the  Glacial 
Period.  Its  main  valleys  were  then  in  existence  and  its  sea-coast 
nearly  corresponded  with  its  present  shores,  except  where  these 
are  now  formed  by  drift-deposits. 

We  will  now  proceed  to  consider  the  facts  under  the  following 
headings: — ^The  Glacial  Deposits  and  their  fossils;  Glaciatea 
Rock-surfaces;  Dry  Rock-channels  and  allied  phenomena; 
Transported  Boulders ;  and  Late-glacial  Flood-gravels. 

Composition  of  the  Olacial  Deposits. 

Ciunming  and  all  the  later  observers  have  noticed  that  the 
drifts  of  the  Island  are  separable  into  a  high-level  and  a  low-level 
series,  the  former  consisting  entirely  of  local  material  deposited 
among  the  hills  either  in  the  form  of  a  hard  bluish-grey  till  or  as 
a  looser  slaty  rubble;  and  the  latter,  largely  composed  of 
material  forei^  to  the  Island,  usually  either  red  stony  clay  or 
loam,  or  stratified  gravel  and  sand,  occupying  the  northern  plain 
and  the  lower  flanks  of  the  hiUs. 

In  tracing  out  these  divisions,  however,  it  has  been  found  that 
in  certain  localities  the  low-level  series  creeps  up  the  gentler  hill- 
slopes  to  considerable  elevations ;  and,  on  the  other  hand,  that 
the  high-leyel  series  descends  in  places  to  the  plain  ;  while  along 

*  Trans.  Edinb.  Geol.  Soc.,  vol.  ii.,  pt.  iii.,  p.  323. 
*Geol.  Mag.,  dec.  ii.,  vol.  vii.,  p.  1. 

'  Geol.  Mag.  dec.  ii.,  vol.  ii.,  pp.  80-86. 

*  Geol.  Mag.,  dec.  ii.,  vol.  iv.,  pp.  410<fe  456. 

*  Yn  Lioar  Manninagh  (Proc.  Isle  of  Man  Nat.  Hist,  and  Antiq.  Soc.), 
vol.  i.,  No.  12,  p.  397. 
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the  flanks  of  the  hills  the  two  are  inextricably  interlocked. 
Hence  it  is  by  their  lithological  constitution  rather  than  by 
their  altitude  that  they  are  best  distinguished,  and  we  shaU 
therefore  designate  them  respectively,  the  Insular  Drift,  and 
the  Extra-insmar  Drift ;  or  they  may  be  more  briefly  referred 
to  as  the  Grey  Drift  and  the  Ked  Drift,  from  their  prevalent 
tints. 

The  Insular  Drift. 

This  material  needs  little  description.  It  possesses  the 
characters  usual  to  the  glacial  accumulations  of  nilly  districts. 
In  the  deeper  valleys  and  on  the  upland  plateaux  it  occun 
chiefly  in  the  form  of  tough  till  full  of  scratched  stones  of  local 
origin ;  but  on  the  hill-slopes,  more  often  as  loose  dajey 
subangular  rubble  in  which  striated  fragments  are  not  plentiful 
Both  types  are  banked  locally  in  thick  masses  in  the  lower  and 
deeper  portions  of  the  valleys,  but  attain  their  widest  horizontal 
extent  m  the  shallow  depressions  around  the  heads  of  the 
drainage-svstems,  where  they  frequently  sweep  in  smooth  sheets 
up  to  ana  over  cols  at  elevations  of  1,000  to  1,400  feet  On 
parts  of  the  central  ridge  of  the  Island,  where  the  ground  is  not 
too  steep  for  it  to  rest  the  rubbly  drift  rises  still  higher, 
occurring  in  little  patches  up  to  the  highest  summits.  In  some 
places  wnere  it  ends  off*  upwards  agamst  steep  rock-slopes,  as 
on  the  south-eastern  flanks  of  North  Barrule  and  Snaefell, 
and  on  South  Barrule,  this  drift  occasionally  assumes  a 
moundy  form,  probably  due  to  the  sliding  down  of  the  loose 
material  in  wet  weather  while  the  hill-side  was  yet  bare  of 
vegetation.^  Where  both  types  of  the  insular  drift  occur 
in  the  same  section,  as  is  often  the  case,  the  rubble  almost 
invariably  overlies  the  till. 

There  is  no  record  of  organic  remains  having  been  foimd  in 
any  portion  of  the  Insular  Drift. 

That  the  local  till  is  the  product  of  land-ice  would  probably  be 
granted  by  every  field-worKer  in  glacial  geology,  while  many 
would  hesitate  to  acknowledge  the  same  origin  for  the  shelly 
Extra-Insular  Drift.  Yet  the  inter-relations  of  the  two  series 
are  such  that  whatever  origin  be  assigned  to  the  one  can  scarcely 
be  denied  to  the  other. 

The  rubbly  drift  is  probably  the  remaniS  deposit  of  the  ice- 
sheet  largely  modified  oy  sub-aerial  agencies.  If  there  had  been 
any  submergence  since  glacial  tim^s  this  material  could  not  haTe 
remained  in  the  positions  in  which  we  now  find  it. 

The  absence  of  local  moraines  among  the  hills  has  been 
noticed  by  several  observers.  The  explanation  will,  I  think,  be 
furnished   in  the  context. 


*  I  owe  this  suggestion  to  my  colleague,  Mr.  G.  Barrow,  who  has  noticed 
the  same  feature  m  the  Scottish  Highlands. 
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The  Eztra-Insiilar  Drift 

It  is  in  regard  to  the  Extra-Insular  Drift  that  the 
peculiar  interest  and  chief  problems  of  Manx  glacjial  geology 
arise.  Its  typical  development  is  in  the  northern  plain,  where, 
fortunately,  it  has  been  carved  out  by  the  sea  in  admirable 
sections  on  both  sides  of  the  Island,  The  wasting  clifl&  thus 
formed  are  continuous  on  the  western  sido  for  8  miles, 
and  on  the  eastern  side  for  6  miles,  rising  in  several  locaUties 
to  elevations  exceeding  100  feet,  and  in  one  place,  at  Point 
Cranstal,  reaching  over  200  feet.  In  the  interior  the  chief 
exposures  are  to  be  found  in  the  numerous  old  'marl-pits,' 
whence  clay  has  been  dug  for  enriching  the  sandy  tracts,  and  in 
a  few  small  brickyards  and  sand  pits ;  while  the  deep  borings  on 
the  northern  coast,  described  in  Chapter  VII.,  have  incidentally 
revealed  the  deposit  to  an  imexpectea  depth  below  sea-level. 

This  drift  is  of  very  variable  composition,  comprising  both 
stratified  and  unstratihed  material,  the  former  predominating. 
The  cliff-sections  generally  show,  at  the  base,  red  or  purple  boulder 
clay  or  loam,  in  which  stones  are  not  particularly  abundant 
ana  are  usually  more  or  less  rounded,  out  often  beautifully 
striated;  and  above  this,  a  considerable  mass  of  stratified 
material  varying  in  texture  from  fine  laminated  warp-clay  to 
coarse  bouldery  gravel;  while  in  the  upper  part  of  the  cUff 
there  is  frequently  another  band  of  red  clay  with  scattered  stones. 
Of  these  divisions  the  last  is  perhaps  the  most  constant,  but  the 
whole  are  so  intermingled  and  so  interchangeable  that,  so  far  as 
the  beds  above  sea-leyel  are  concerned,  we  can  scarcely  escape 
fix)m  Mr.  Kendall's  conclusion,  "  that  the  Manx  drift  forms  one 
great  irr^ular  series  "  (op.  cit.,  p.  408).  Though  in  some  places 
the  middle  stratified  beds  repose  upon  an  eroded  surface  of  the 
lower  boulder  clay,  in  others  there  is  a  gradual  passage,  either 
with  more  or  less  stratification  throughout  the  whole  section,  or 
with  the  boulders  and  stones  of  the  lowest  division  set  in  a 
matrix  of  compressed  unstratified  sand  which  fades  away  into 
bedded  deposits  in  all*  directions. 

It  is,  indeecl,  by  their  mode  of  arrangement  rather  than  by 
their  lithological  characteristics,  that  these  Extra-Insular  Drifts 
may  be  differentiated.  They  are  in  places  spread  out  in  almost 
level  sheets,  and  in  other  places  heaped  up  into  mounds  and 
ridges,  as  will  be  subsequently  describ^. 

Fossils  of  the  Extra-Insular  Drift 

The  occurrence  of  marine  shells  in  tolerable  abundance  in 
this  drift  is  one  of  its  chief  characteristics.  These  are  found  both 
sporadically  and  in  streaks  and  patches  ^  in  the  lower  boulder 
ciay,  but  are  more  common  in  fine  gravel  among  the  middle 
stratified  beds.  So  far  as  I  have  observed,  they  are  invariably 
absent  from  the  laminated  warps  and  clays;  and  in  the  fine 

*  Kendall,  op.  cit.  p.  410 ;  see  also  pp.  342  and  428  of  present  work. 
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SkdliofdulDuiz  ExtnJnralu  Srifl^  (•Uut.riM). 


Fio.  81.  Fanamnt^ 


Fio.  S3.  Natta  KermcdtL 


Fig.  87.  Trtrnfum  (Futui)  Fa&rici,  Beck  (from  E.  Forbe^ 

^ Mem.  Qeol.  Surv.,  toI.  l,  p.  42*.) 

'  Figa  80-86  have  been  drawn  by  Mr.  Gilbert  Williams  from  specimem 
in  tbe  Oeologica)  Survey  MuBeum;  Fig.  BO  represente  a  shell  f rom  the  PmI- 
Pliocene  beds  of  the  Clyde,  as  there  wai  no  suitable  Manx  specimen  of  tlua 
species  in  our  collection ;  the  others  ore  from  specimens  from  the  Iile  ol 
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nda  are  as  a  nile  i^presout^'d  vuly  bv  niinote  flakes  and 
limbs  They  are  usually  fragnienuiy.*  and  much  worn  by 
trition.  They  present  an  admixture  of  farms  6tMn  diffident 
mths  of  the  sea,  and  also  of  tMHthem  and  southern  spedes. 
Hlile  most  of  the  species  are  still  liTU^,  ei»{ht  forms  occur 
bich  are  considered  to  be  extinct  <see  list,  p.  473i 

These  shells  have  been  collected  ana  worked  out  witk 
•eat  care  bv  Mr.  P.  F.  KendalL  and  the  list  giv«i  at  the  eml  ot 
[lapter  XC  is  reproduced  from  his  above-quoted  paper,  with 
ignt  alteration  and  additions  as  duly  noted. 

In  Mr.  Kendall  s  opinion  the  beds  in  which  these  shells  occur 
•e  not  truly  marine  out  represent  the  matenal  of  a  sea-bottom 
distributed  by  an  ice-sheet  * ;  and  the  general  trend  of  the 
'^idence  suupoits  this  conclusioiL 

It  is  probable  that  a  portion  of  the  original  marine  deposit 
fts  passed  through  in  Xo.  6  Boring  (see  p.  342)  at  a  depth  of 
rer  200  feet  below  sea-level  consisting  of  20  to  30  feet  of 
uddy  gravel  and  sand  fiill  of  shells  ancl  foraminifera.  ditfering 

many  respects  fiiom  any  bed  seen  in  the  sections  above  sea- 
vel.  This  bed  was  not  recognised  in  the  borin^fs  farther 
estward,  in  none  of  which,  however  wiu>  the  drift  found  to 
ttend  to  this  depth  (see  p.  338 :  also  details  at  pp.  418-21). 

Boulders  of  the  Eztra-Insular  Drift 

Large  boulders  of  distant  origin  are  of  frequent  occurrence  in 
16  Extra- Insular  Drift,  both  among  the  stratitied  deposits  and 
I  the  boulder-clay,  and  are  not  found  except  in  the  area 
jcupied  by  this  drift.  They  include,  in  the  order  of  frequencv, 
alloway  Granite ;  Silurian  rocks  from  the  Southern  Uplands, 
ipecially  Queensberry  Grit ;  Carboniferous  Limestone ;  Carboni- 
irous  Sandstone;  rermian  and  Triassic  Sandstones;  with 
3casional  examples  of  Lake  District  rocks,  Arran  Granite,  Pitch- 
x>ne,  and  a  few  others.  At  a  rough  estimate,  it  may  be  said  that 
bout  nine-tenths  of  these  have  had  their  parentage  in  the  hillv 
>uth-westem  comer  of  Scotland,  and  that  the  remaining  tentn 
as  been  contributed  by  the  Lake  District,  the  Clyde  Basin, 
nd  perhaps  the  maritime  part  of  north-eastern  Ireland.  These 
oulders  range  in  size  from  a  foot  or  less  up  to  several  feet  in 
iameter. 

Among  the  smaller  stones  are  rather  abundant  pebbles  of  the 
iebeckite-rock  (Paisanite)  of  Ailsa  Craig,  first  discovered  by  Mr. 
Londall;  chalk-flints;  several  varieties  of  porphjrrite;  and  an 
ccasional  fragment  of  gneiss  like  that  ot  Western  Scotland 
see  pp.  420,  425  et  seq.  for  details). 

Mr.  Kendall  «  has  noted  that  the  niAJority  of  the  Scotch 
janites  seem  to  have  come  from  Creetown  and  the  Caimsmores. 
hough  other  varieties  are  present.  The  same  observer  is 
Qclined  to  refer  a  few  of  the  west-coast  boulders  to  the  granite 

»  Qp.  cit  pp.  423-433. 
*  Op.  cit.,  p.  406. 
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of  the  Mourne  Mountains ;  and  for  the  flint  pebbles  he  inters  a 
derivation  from  flinty  gravels  "  which  have  lain  in  the  path  of 
the  ice  by  which  the  Isle  of  Man  was  glaciated." 

Among  the  rarer  blocks  brought  to  light  by  the  researches 
of  the  Rev.  S.  N.  Harrison  of  Ramsey,^  are  several 
boulders  of  gneiss  ;  "the  highly  characteristic  Porphyritic 
Pitchstone  of  Arran  " ;  a  granite  and  "  the  Felspar-porpnyry  of 
Bennan  Head  "  from  Arran ;  and  the  granite  of  Shap  m  West- 
moreland. During  the  progress  of  the  Survey  a  ooulder  of 
Shap  Granite,  3  feet  in  diameter,  was  observed  between  tide 
marks  in  Perwick  Bay  near  Port  St  Mary,  and  another 
of  the  same  rock  at  Wills  Strand  on  the  west  coast  north 
of  Peel;  also  three  or  four  large  blocks  probably  from  the 
Borrowdale  Series  of  the  Lake  District,  one  on  Maughold 
Head,  a  second  near  Ballameanagh  on  Clay  Head,  and  a 
third  on  the  northern  plain  at  Lagagh  Mooar.  It  is  probable 
that  these  rarer  erratics  have  in  the  first  place  been  distributed 
over  the  sea  bottom  by  floating  ice,  and  afterwards  dragged 
forward  from  their  marme  bed  by  the  advancing  ice-sheet  (see 

[).  345) ;  while  the  Galloway  Granites  and  other  Southern  Up- 
and  rocks  are  more  likely  to  have  been  directly  transported 
by  a  stream  of  land-ice  leaving  the  Scottish  coast  arouna  Luce 
Bay  as  indicated  by  the  glacial  striations  of  that  district  and  of 
Manxland. 

Typical  Sections  of  the  Eztra-Inflnlar  Drift- 
To  illustrate  the  general  character  oi  the  drifts  of  the 
northern  plain,  three  sections  have  been  selected,  from  the  clifts 
of  the  eiistem  and  of  the  western  coast,  and  from  the  No.  6 
Boring.  The  first.  Fig.  88,  which  lies  2J  miles  northward  from 
the  nearest  part  of  the  Manx  Slate  massif,  shows  a  predomin- 
ance of  stratified  material ;  while  the  second.  Fig.  89,  on  the 
west  coast,  half-mile  north  of  the  nearest  slate  outcrop,  exhibits 
the  lower  boulder-clay  as  its  more  prominent  constituent ;  but  in 
both  instances  these  relative  proportions  of  stratified  to  un- 
stratified  material  are  only  local  and  are  reversed  in  other 
sections  not  fiar  distant. 

The  section  in  Boring  No.  6,  given  on  paecs  340-41,  shows  s 
downward  succession  of  the  drifts  below  tide-mark  from  about 
the  level  of  the  base  of  the  above  cliflF-sections.  Of  the  three 
l)orings,  Nos.  4,  5,  and  6,  in  which  the  opportunity  occurred  for 
closelj^  investigating  the  drift  by  washing  and  sifting  the 
material  from  different  depths,  the  records  of  Nos.  4  and  5  wiU 
be  found  on  pp.  418  and  419,  and  contain  some  points  of 
interest  not  observed  in  No.  6,  but  show  a  much  less  thickness 
of  drift.  A  depth  of  only  173  feet  of  drift  was  found  in  No.  4, 
and  of  212  feet  m  No.  5,  against  an  approximate  depth  of  476  feet 

in  No.  6,  the  deeper  beds  of  the  last  boring  apparently  not  being 

■ ■  — — ■ ■        — ■ 

'  See  Yn  I.ioar  Manninagh  (Journ.  Isle  of  Man  Nat  Hist  and  Antki. 
8oc.),  vol.  i.,  p.  375,  and  vol.  iii.,  p.  21. 
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Fig.    88.      CUff-aecHon    in   glacial  drift   at   Kionlougk 

2  milea  north  of  Ramsey. 

Scale  :  1  inch  =  40  feet 


4  8tratifiedgriveIandMnd=Upper 

Platform  Gravel       -  ■  about  16  „ 

3  Reddish  warp  and  clay,  more  or 
less  stratified  ;  rather  stony  in 
the  upper  part ;  passing  down- 
wards into—    -  -        -      „     80  „ 

5  Weli-stratified  sand  with  gravelly 

layers  and  streaks  of  red  clay  ; 
calcareous  concretions  in  places. 
Shell -fragments  abundant  in  the 
finer  gravel  but  absent  from  the 
■and  and  clay  -        -        -        -    BO  to  60  „ 

I  Red    warp    or  clay  with  a    few 

stones,  at  foot  of  cliff       -       -    about  6  „ 


Fig.  89.     Clijf-section  in  glacial  drift  at  the  southern  side 
of  Orrisdale  Head,  1  mUe  north  of  Kirk  Michael. 

Scale  :  1  inch  =  40  feet 


ft  Blown  sand  -        -  -        -  about  8  feet, 

4  Stratified  sand  etc.,  with  band  of 

red  clay  in  places,  not  well  seen      „  ■    15  „ 

3  Stratified  sand,  warp  and  fine 
gravel,  contorted  in  places ;  a 
few  shell-fragnienta in  the  gravel      „      20  „  ~" 

2  Coarse    bouldery    gravel,    cross-  f  -^^ 

bedded ;  thickening  northward  -^  ^  \ 

and  there  resting  on  an  eroded  ^      _    ^^ 

surface,  but  here  thinning  out  ^     "  »  "j 

and  apparently  passing  into —  -     0  to  10  „  ^^ 

1  Rudely  stratified  and    contorted  r.  ?       ^ 

sandy  boulder  -  clay  or  loam  v^    "      J,j».    0^, 

containing  many  boulders  ana  i^^Zjitr^-^"^ 

scratched  atoneaofextra-inaular  V*  J/^  v^*^ 

origin,  eapecially  towards    the  ^^*^*^"^1^ 

top  ;  also  a  few  sinall  fragments  ■*      -a    •TW?**- 

of  slate,  possibly  Manx,  and  a 
few  shell-f rapnents  -       -       r   30  to  40  „   "^ 
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represented  in  the  other  sections.  Except  in  r^^ard  to  these 
deeper  beds,  viz.,  those  below  215  feet,  the  general  character 
of  the  drifts  of  the  above-mentioned  borings  resembled  that 
of  the  cliff-sections ;  the  erratic  stones  were  of  the  same  kind; 
the  shell-fragments  occurred  in  the  same  manner  and  were  of 
the  same  species,  though  somewhat  differently  grouped  (p.  421) ; 
the  clays  and  sands  were  similar  in  composition ;  and  there 
was  the  same  absence  of  peaty  material  and  of  any  indication 
of  a  break  or  change  in  the  climatic  conditions. 

The  beds  below  215  feet  in  No.  6  Boring  are,  howeyer, 
exceptional  and  deserve  careful  consideration.  Between  the 
deptns  of  220  and  240  feet  the  material,  as  previously  stated, 
represents  a  marine  deposit  of  glacial  age,  either  an  accumula- 
tion in  place  or  a  large  displaced  mnss  embedded  in  the 
drifts  like  the  well-known  instances  in  East  Yorkshire.  As  the 
lower  part  of  the  section  includes  much  local  drift,  apparently 
non-marine  and  probably  due  to  the  agency  of  land-ice,  and  as 
the  drifts  above  sea-level  are  almost  certainly  of  similar  origin, 
it  follows  that  if  the  marine  bed  be  actually  in  place  we  must 
allow  two  distinct  invasions  of  land-ice  separated  by  an  interval 
of  open  sea ;  and  for  this  there  is  no  other  evidence  in  the 
Island. 

Between  240  and  363  feet  the  boring  ])assed  through  sands 
and  gravels  below  the  marine  horizon,  which,  judging  from  the 
only  sample  that  was  preserved,  appear  to  have  represented 
stratified  glacial  material  like  that  above  sea  level;  but  our 
information  respecting  this  part  of  the  section  is  unfortunately 
inadequate.  Below  363  feet  the  material  was  apparently  a  local 
boulder-clay  made  up  from  the  subjacent  Triassic  Marl  mingled 
with  a  few  extraneous  pebbles.  From  the  specimens  examined, 
the  thickness  of  this  bed  appears  to  have  been  not  less  than 
65  feet,  and  may  have  been  much  more,  the  marls  being 
crashed  and  in  places  mixed  with  extraneous  pebbles  for  at 
least  50  feet  deeper  (if  the  material  supplied  to  us  was  correctly 
labelled)  and  partly  reconstructed  for  a  further  50  feet  As  the 
borinir  was  tubed  down  there  seems  no  probability  of  the  pebbles 
having  been  introduced  accidentally  from  above;  and  the 
crushed  condition  of  the  marl  in  the  specimens  bore  out  the 
other  evidence. 

Section  of  Glacial  Drift  in  No.  6  Boring,  Point  of  Ayre. 

From  the  Engineer's  Journal ;   with   additional  descriptions    in   tqwan 
brackets. 

Ft.  in. 
Shingle 16    0 

[Raised  Beach.] 

Gravel 32    0 

Sand  and  gravel .80 

Sand   -        -        -  12    0 

[No  Mtmples  of  the  above  beds  were  obtained.] 
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Fu  in. 
Sand  and  gravel  -  37    0 

[Sample  of  the  gravel  at  depth  of  100  feet  contained 
shell-fragmenta,  including  3fytiiu8  with  SerptUa  ; 
also  a  pebble  of  dark  blue  grit,  2  inches  in  diameter, 
encrusted  with  nullipores  and  Serpula,  and  with 
indurated  sand,  full  of  shell -fragments,  adherent  to 
it;  another  pebble,  of  vein  (quartz,  1  inch  in 
diameter,  similarly  encnLsted,  with  polyzoa ;  also 
some  small  pebble-like  fragments  of  indurated  sand 
with  bits  of  shell.] 

Hard  sand 80 

Clay  ...  -  -        -    27    0 

[Sample  at  130  feet  consisted  of  dark  purplish  brown 
clay  with  small  foreign  stones ;  like  that  seen  at  foot 
of  cliff  at  Point  Cranstal  (see  Boring  No.  4,  p.  420,  for 
further  description  of  similar  material).] 

Sandy  clay 8    0 

Sand 6    0 

Sandy  clay  and  stones 10    0 

[Sam[)le  at  IGO  feet ;  a  pebbly  clay,  similar  to  that  at 
130  feet,  but  mixed  with  more  sand  and  grit; 
effervesced  freely  with  acid  ] 

Reddish  clay 3    0 

[Sample  at  166  feet ;  smooth  dark  brown  clay  without 
stones  or  grit ;  probably  like  laminated  warp-clays 
of  cliff-sections  :  effervesced  freely  with  acid.] 

Sandy  clay-        - *-60 

Sandy  clay  with  stones 10    0 

Sandy  clay 200 

[Sample  at  190  feet ;  fine  brown  sandy  clay  or  silt 
without  stones  or  shells ;  probably  '  laminated 
warp ' :  effervesced  freely  with  acid.] 

Sandy  clay  with  stones 13    0 

[Sample  at  206  feet;  purple  clay,  with  pebbles 
of  dark  blue  grit  and  vem-quartz  1  to  li  inches 
diameter ;  idso  a  shell-fragment ;  effervesced  freely 
with  acid. 

Another  sample  marked  "between  202  to  215  feet''; 
dark  greenish-purple  sandv  clay  with  stones;  on 
washing,  gelded  pebbles  like  last,  with  one  of  pink 
felsite.  i  inch  diameter  :  the  finer  sif tin^s  consisted 
of  dark  gravel  with  small  much  worn  sheil-f ragments 
including  Mytilus  and  Mactra. 

Another  sample  marked  "215  to  220  feef ;  similar 
material  to  last ;  pebbles  included  piece  of  slate, 
li  inches  diameter,  which  might  be  Manx  ;  finer 
siftings  contained  many  angular  shell-fragments, 
including  Astarte  conipresaay  Rhynchonella^  Nucula 
or  Leda^  Mactra,  Balanv^  etc.  This  material  seems 
to  mark  the  top  of  the  marine  bed.] 
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Ft  m. 
SUt 5  0 

[Sample  at  218  feet:  greenish  sandy  mud  or  clay  with 
small  pebbles,  full  of  crushed  shells  with  the  frag- 
ments angular  and  in  proximity  to  each  other; 
material  resembles  the  snell^  strides  in  the  drift  at 
Bridlington  and  Dimlington  m  Holdemess.] 

Gravel  with  shells --10 

[Afytilus  etlulis  largely  predominant ;  TeUina  bal- 
iktcfi  ;  Astarte  stucata  var.  elliptica ;  Nntica  sp. ; 
Bitccinum  undatum. 

Pebbles ;  dark  green  trap  encrusted  with  nuUipores 
and  cont-ainiug  fSVurirava  mgosa  in  a  hollow  *  two 
|)ebbl('s,  eiich  of  1  inch  diameter,  completely 
encrusted  with  nullipores  and  Serpula ;  oasalt, 
grey  micaceous  grit>  and  dark  grit,  from  1  to  1^  inches 
diameter,  with  {witches  of  nulli|K)res ;  haracherty 
chalk,  \\  inches  (frt^m  Antrim  7);  flint;  slate, 
possibly  Manx,  3  inches;  pale  pinkish  felsite, 
\\  inches  diameter.] 

Sand :       -     7   0 

[Samnle  at  221  to  228  feet ;  fine  yellowish  grey  sand 
witii  many  foraminifcra  and  small  fragments  of 
shell ;  on  sifting,  the  only  residue  a  few  srains  of 
dark  grit  and  fragments  of  Bhynchonella,  jbaianuSf 
etc.] 

Muddy  sand  with  shells 12   0 

[Sample  marked  *228  to  240  feet*  j  *rcamy''  sand 
full  of  shells,  fragments  of  Myttlus  and  Baianus 
predominating  ;  on  sifting,  yielaed — 

Mi/tilu8  edtUis  l^rojt^ion  clathratus 

Astarte  sulcata  ;—   Bamffius 

compressa  Turriteila  terebra 

^»area/w  (young)  Bnca'num  undatum 

Mya  truncata  Natica  clausa 

Tellina  baithtca  Lacuna  diixirtcafa 

Jihynckoneila  psittacea  Balanus  Hanieri 

crenatus. 

Sample  from  238  feet ;  sandv  mud  full  of  shell -frag- 
ments of  a  different  facies  from  the  above. 
J{)it/7who7iella  psittacea  l)eing  the  commonest  shell 
slimA  Mytiius  rare  or  absent;  the- shell-fragments 
fretiueiitly  coated  with  polyzoa ;  no  gravel  except 
a  few  worn  grains  not  larger  than  k  inch  diameter ; 
residue  on  washing,  nearly  all  bits  of  JihyticAofu/la 
and  polyzoa;  the  only  shells  recognised  besides 
Rhynchonella  jmttacea  were  Astarte  striata  and 
Cai-dita  ?] 

Reddish  sand 36    0 

[Sam]>le  marked  240  to  276  feet ;  reddish  yellow  or 
brown  sand,  becoming  paler  and  greyish  on  washing ; 
on  sifting,  very  little  residue,  consisting  of  a  few 

>  **  When  there  is  a  considerable  admixture  of  mud  with  coane  sand] 
forms  what  is  known  to  the  trawlers  as  a  *  reamy '  bottom.**   See  "  Man 
Biology  of  the  Isle  of  Man,"  by  l^of.  W.  A.  Herdman,  in  **  Handbook 
Liverpool :  British  Association,  1896,"  p.  187. 
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Ft,  in 
dark  rolled  grit  grains  the  size  of  small  shot,  some 
highly  polished  grains  of  quartz-sand  like  those  of 
the  Permian  Sandstone  of  No.  4  Boring  (see  p.  285), 
and  some  indeterminable  crumbs  of  shell ;  also  a 
few  foraminifera.    Probably  not  a  marine  sand.] 

Sand  and  gravel 

Ditto        with  pieces  of  coal 
Gravel        -        -        -        - 
Coarse  gravel  with  clay 
Reddish  sand      .        -        . 

Gravel        .        .        .        _ 

Stone 

[Apparently  a  large  boulder ; 
no  specimen  seen.] 

Gravel  and  sand  with  clay  -  / 8    4 


[No  samples  preserved] 
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)isturbed  Marls  181  feet : — 

Red  marl  with  stones  and  gypsum 65    0 

[Sample  at  380  feet ;  dull  red  clay  with  pebbles ;  effer- 
vesced ^ith  acid  ;  on  washing,  yielaed  pebbles — 
dark  (Carboniferous  ?)  limestone,  2  inches  aiamcter  ; 
well-roimded  quartzite,  same  size ;  and  smaller 
bits  of  limestone^  dark  grit,  etc. :  no  shell-frag- 
ments:  fine  residue  contained  small  gravel  of 
quartzite,  vein  quartz,  and  various  dark  and  reddish 
rock^  with  some  bits  of  gvpsum :  seems  like  a 
boulaer-clay  largely  composed  of  red  marl,  different 
from  any  seen  at  surface. 

Sample  at  426  feet  *  like  last,  but  contained  a  piece  of 
gypsum  of  2  incnes  diameter ;  gravelly  residue  on 
washing,  coarser  than  last,  contained  dark  lime- 
stone, brown  and  red  sandstones  (New  Red  rocks  ?), 
gy{)sum  (rather  abundant),  marly  slate,  black  and 
dark  purple  giits,  fragment  like  Ailsa  Craig  rock 
(i  inch  diameter),  polished  grains  of  vein-(iuartz,  etc. ; 
no  shells. 

Sample  at  427  feet ;  like  last ;  gjravelly  residue  con- 
tained dark  Ihnestone,  quartzite,  quartz,  gypsum, 
flint,  greenish  sandstone,  dark  grit,  etc. 

Sample  at  428  feet;  cla^,  red  dappled  with  pale  grey  : 
did  not  effervesce  with  acid ;  residue,  small  gravel 
like  above,  of  well-rounded  quartzite  and  quartz, 
gypsum,  red  felsite,  etc.,  etc.] 

Brown  marl  with  gypsum 72    0 

[Sample  at  453  feet,  and  another,  similar,  at  462  feet : 
red  and  grey  marl  with  crystals  of  gyi)sum,  disturbed 
but  not  crushed  down  like  that  below  ;  on  washing, 
sunk  into  a  red  mud  with  rounded  bits  of  gypsum 
but  no  extraneous  uiaterial ;  may  be  a  displaced 
mass  of  the  Triasdic  marl. 
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Ft  ik 

Sample  labelled  476  feet;  marl  crushed  down  into  clay, 
with  some  subangular  foreign  stones  ;  the  following 
pebbles  obtained  on  washing  : —  dai'k  sandy  slightly 
calcareous  shale,  2  inches b^  li  inches;  pale  grit 
with  faint  markings  like  glacial  strise,  1}  inclies  ;  and 
smaller  pebbles  of  vein-ouartz,  pale  chert  or  flint, 
gy)>rtum,  dark  limestone,  dark  sandy  shale  with  cast 
of  a  fossil,  etc  ;  fine  residue,  a  small  quantity  of 
speckled  sand  made  up  of  materials  similar  to  the 
pebbles.    This  seems  to  be  a  local  boulder-clay  like 

X  the  specimens  at  427  and  428  feet  If  the  speci- 
men be  correctly  labelled  it  indicates  the  presence 
of  extraneous  drift  material  among  the  disturbed 
Triassic  marl  at  this  depth. 

Samples  at  485  feet  and  498  feet;  crushed  red 
and  grey  marl,  with  a  pebbly  structure  as  if  recon- 
structed ;  residue  on  washing,  bits  of  marl  and 
gypsum  only.] 

Gypsum  mixed  with  sandy  marl 2   0 

Brown  and  grey  marl  mixed  with  gypsum  -       -        -       -    42   0 

[Samples  examined  at  523,  535,  and  541  feet  showed 
disturbed  red  and  grey  marl  (with  crystals  of  salt  in 
the  deepest  example)  m  whicm  bedding  was  scarcely 
recognisable ;  yielded  no  extraneous  admixture  when 
washed  and  sifted.] 

Stratified  saliferous  marls,  etc.  (see  p.  290  and  Appendix, 
p.  585) 376   4 


Total  depth  of  boring       -       -       -         920   4 

The  site  of  tho  above  boring  is  on  the  outer  edee  of  the  Post- 
glacial Raised  Beach  (see  Chap.  VII.,  p.  283).  On  the  inner  or 
southward  edge,  this  Raised  Beach  is  boundea  by  an  old  marine 
cliff,  which  has  been  carved  out  of  a  high  platform  of  gkcial 
drift  (see  Fig.  96,  p.  355).  This  drift-platform  has  evidently 
once  extended  mucn  farther  northward,  so  that  its  height  above 
sea-level  should  be  added  to  the  depth  proved  below  sea-level 
in  estimating  the  original  thickness  oi  the  drift  in  this  locality. 
In  the  present  cliff  at  Point  Cranstal,  two  miles  south  of  the 
boring,  the  drifts  attain  a  thickness  of  about  250  feet,  but  their 
average  is  much  lower,  and  we  probably  ought  not  to  allow 
more  than  an  additional  80  to  KX)  feet  for  their  ori^md  devel- 
opment above  sea-level  at  the  borings.  This  would  rive  an 
approximate  initial  thickness  of  between  525  and  575  feet  for 
the  drifts  near  the  Point  of  Ayi'e  before  their  erosion ;  and  they 
probably  still  attain  not  loss  than  this  depth  in  the  hills  around 
Kirk  Bride  (see  diagram,  Fig.  96),  a  thickness,  I  believe,  nowhere 
surpassed  in  the  British  Islands. 

'fhe  discovery,  from  the  borings,  that  the  drifts  rest  upon  a 
disturbed  floor  of  soft  Triassic  marl  and  sandstone  in  the  north 
of  the  Island,  with  the  inference  that  similar  conditions  obtftin 
over  a  large  area   in  the  adjacent    part  of  the  Irish   Sea  baain 
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(p.  289),  is  sufBcient  mdication  of  the  source  whence  most  of  the 
materitu  of  the  red  drift  has  been  directly  or  indirectly  derived. 
The  marine  bed  found  in  No.  6  Boring,  with  its  far-transported 
pebbles  encrust«d  with  polyzoa  and  serpulto,  when  taken  alone 
with  other  evidence,  goes  far  towards  proving  that  a  sea  in  which 
arctic  conditions  prevailed  has  existed  in  this  basin  during  an 
early  stage  of  the  Glacial  period ;  and  the  subsequent  ice-sheet 
seems  to  nave  incorporated  the  marine  detritus  of  this  sea  with  the 
debris  of  the  Red  nocks  and  with  material  transported  directly 
from  the  Galloway  uplands,  to  form  the  drifts  above  sea-level. 

Indications  of  the  redistribution  of  material  from  a  glacial 
marine  bed  are  frequently  afforded  by  the  boulders  of  the  drift. 
For  example,  a  block  of  Carboniferous  Limestone,  measuring  2i 
feet  by  2  feet  by  IJ  feet,  lying  in  1894  on  the  north  side  of 
Orrisaale  Head,  at  the  foot  of  the  cliff  of  drift  from  which  it  had 
recently  fallen,  was  encrusted  in  places  with  hardened  shelly 
sand,  with  glacial  striations  traversing  this  incrustation  as  well  as 

KiG.  90.  Glaciated  Carboniferous  Limestone  Boulder 
encrusted  with  shelly  sand  and  afterwards  again 
f /lariated. 

Scale  :  ,'j  iiat.      a,  a,  a,  incrustations  of  sliclly  sand. 


the  limestone,  as  shown  in  Fig.  90.  After  its  first  glacial  trans- 
portation this  boulder  must  have  lain  in  a  matrix  oT  shelly  sand, 
presumably  on  the  sea-fioor,  and  must  subsequently  have  been 
caught  up  and  reglaeiated,  to  be  finally  incorporated  in  the  upper 
part  of  tlio  drift.  The  same  story  was  told  by  a  subangiilar 
frwment  of  the  Ailsa  Craig  riebeckite-rock  1 }  inches  in  diameter, 
which  was  found  encrusted  with  nullipores  at  a  depth  of  166 
feet  in  Boring  No.  4  (seu  p.  420). 

Relations  of  the  Extra-Iiualar  to  the  Insular  Drift. 
The  relntiin  of  the  sliell-bearing  drift  of  tho  northern  plain 
to  the  slaty  hill-drift  is  fortunately  exhibited  in  cliff-aections  on 
the  flanks  of  the  liills  on  both  sides  of  the  Island. 
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On  the  eastern  coast  the  plam  ends  off  against  the  massif 
mtnediately  to  the  southward  of  the  town  of  Ramsey,  and  a 
ine  cliff-section  shows  very  clearly  the  interdigitation  of  the 
orei^  with  the  local  drift.  Although  this  section  has  been 
previously  figured  by  Mr.  Home  and  again  by  Mr.  Kendall,  it  is 
►f  sufficient  importance  to  be  worth  refiguring,  especially  as 
t  is  now  less  obscured  by  talus  than  formerly.     (Fig.  91.) 

The  solid  slate-rock  descends  below  sea-level  at  the  foot  of  the 
>ld  cliff  on  the  S.E.  side  of  this  section,  and  there  appears  to  bo 
L  pre-glacial  tidal  rock-shelf  below  that  of  the  present  day.  This 
;helf  is  covered  with  red  boulder-clay  containing  shell-fragments, 
•esemblinff  upper  beds  6  and  10  of  tne  section,  and  this  material, 
vhen  not  hidden  by  modem  beach-stuff,  may  be  traced  down  to 
ow  water,  and  along  the  shore  eastward  for  half  mile  to  Port 
Lewaigue.  Between  this  strip  of  clay  and  the  present  cliff  of 
slate  there  intervenes  a  narrow  rock-bench  which  marks  the 
ixtent  of  coast-erosion  which  the  slate  has  undergone  since 
Grlacial  times  (see  p.  123).  At  Port  Lewaigue  the  red  boulder- 
slay  passes  inland  across  the  promontory  through  the  depression 
between  Maughold  Head  and  the  hills  to  the  westward,  and 
reappears  in  the  cliffs  at  Port  Mooar.  On  the  rocky  ridge  of 
Maughold  Head  itself  foreign  boulders  are  rather  abundant,  but 
do  not  attain  the  same  elevation  on  the  slope  west  of  the 
depression.  Farther  south  we  find  patches  of  the  red  drift  here 
and  there  along  the  bold  coast  wherever  the  ground  is  not  too 
steep,  either  in  the  form  of  stony  clay  or  of  gravel  with  many 
foreign  stones;  and  where,  as  at  Garwick  and  at  Onchan,  a 
depression  strikes  inland  approximately  parallel  to  the  hilly  axis 
of  the  Island,  the  foreign  material  passes  up  along  it  for  a  short 
distance,  gradually  merging  into  the  local  drift.  That  this 
train  of  extra-insukr  drift  marks  the  direction  taken  by  moving 
ice  on  the  south-eastern  side  of  the  hills  is  confirmed  by  the 
orientation  of  the  glacial  striae  on  the  solid  rocks  (see  p.  476). 
A  patch  of  the  red  clay  has  lodged  on  the  northern  slope  of 
Clay  Head,  the  promontory  juttmg  out  on  the  southern  side  of 
Laxey  Bay;  and  again  in  the  recess  of  Douglas  Bay;  and  in 
various  places  around  Santon  (St.  Ann's)  Head.  Sut  to  the 
southward  of  a  line  traversiM  the  Island  from  Santon  on  the 
east  coast  to  Cronk  ny  Arrey  Lhaa  on  the  west — that  is  to  say, 
around  the  south-western  or  leeward  end  of  the  main  hill-ranges 
— no  clear  distinction  can  be  drawn  between  the  local  and  the 
foreign  drift;  and  instead,  there  is,  in  nearly  every  section,  a 
smalT  proportion  of  extra-insular  material  incorporated  with  the 
local  detntus  which  forms  the  bulk  of  drift. 

On  the  western  side  of  the  Island  the  phenomena  are  similar, 
excepting  that  separable  red  drift  extends  for  several  miles 
farther  southward,  and  also  rises  to  higher  elevations  before 
merging  with  the  local  material.  This  we  should  expect,  since 
the  glacial  striae  on  the  highest  ground  of  the  Island  show  that 
the  ice-movement,  where  free  from  local  deviation,  was  from 
north-north-westward,  the  western  slope  being  thus  the  '  stoss ' 
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side  of  the  hills.  On  the  west  coast  there  is  a  steadily-increasing 
quantity  of  local  slaty  material  among  the  shelly  gravels  of  tha 
red  dritt  southward  from  Orrisdale  H^ ;  but  it  is  not  until  m 
reach  the  tirst  outcrop  o(  the  slate  rocks  at  Gob  ny  Cr^gaa 
■"'         -,  nearly  2  miles  south  of  Kirk  Michael,  that  any  local  till 


Fig.  92,  Diagram  shoicing  replacement  of  strcttijied  shelly 
drift  by  local  boulder-clai/  in  the  cUff-sectitm  mot 
Gob  ny  Creyyan  Glassey,  Kirk  Michael. 

Scale,  for  both  Figs. :  1  inch  =  100  feet,  hor.  and  vert 


Fig.  93.  Diagram  at  riglU  angles  to  the  above,  showing 
general  an-angement  of  the  drift  deposits  on  the  lotetr 
slopes  of  the  hills ;  based  on  sections  in  Glion  Ihyir 
and  Glion  Shellan. 


ExPLAHATiOM  (for  botb  sections). 

5  Stratified  slaty  platform -gravel,  probably  passing  into  (4)  at  foot  of 
slope. 

4  Upper  local  rubble-drift. 

3  Stratified  extra-insular  drift ;  cross-bedded  and  confused  in  pltM; 
composed  of  sand,  silt,  gravel,  with  a  few  shell  ftngmenU 
and  thin  patches  of  red  clay,  3a,  towards  the  top  ;  the  gnM 
a  mixture  of  local  and  foreign  material. 

5  Dark  grey  or  blue  local  till,  with  a  few  foreign  stonea. 
1  Slaty  rubble  passing  in  places  into  ilark  slaty  til!  (2). 
X    Manx  Slates. 
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is  developed  in  the  coast-section.  Between  this  |)lace  and  Glen 
Mooar  the  interdigitation  of  the  insular  and  extra-insular  drift 
is  as  well  raarkSd  as  at'  Ramsey,  though  the  sections  are 
somewhat  overgrown  and  difficult  of  access.  The  main  facts  are 
as  shown  in  the  foregoing  diagrams,  the  one  representmg  the 
section  parallel  to  the  cliif-line,  and  the  other  that  at  right 
angles  to  it.     (Figs.  92  and  93.) 

The  structure  shown  in  the  above  sections  is  prevalent,  with 
local  modifications,  in  most  of  the  drift  of  the  hill-slope  border- 
ing the  coast  for  the  next  two  miles  southward ;  but  south  of 
Wills  Strand,  where  there  is  a  lower  tract  occupied  by  the  Peel 
Sandstones,  the  red  drift  occurs  alone,  chiefly  in  the  condition 
of  boulder-clay.  This  low  tract  is  margined  on  the  east  by  steep 
inland  bluffs  of  slate,  which  terminate  rather  abruptly  at  the 
valley  of  the  Neb  near  St.  John's ;  it  is  also  bordered  by  steep 
hills  of  slate  along  its  westerly  edge  south-west  of  Peel,  and 
bv  similar  hills  to  the  southward  between  Kirk  Patrick  and  the 
south  bank  of  the  Neb  at  St.  John's,  where  rises  the  moun- 
tainous ground  of  Slieau  Whuallian  (1,094  feet).  The  low  sand- 
stone tract  is  thus  encircled  with  high  ground  on  ail  sides  except 
the  seaward,  in  which  the  only  fjaps  are  the  valley  at  St.  John's 
and  a  low  dry  col  south  of  Kirk  Patrick  which  has  probably 
once  carried  the  drainage  of  Glen  Rushen  (see  page  10).  The 
distribution  of  the  red  drift  around  this  cul-de-sac  seems 
necessarily  to  imply  the  presence  of  a  great  south-moving  ice- 
aheet  in  tne  basin  of  the  Irish  Sea. 

To  the  south  and  west  of  Peel  the  red  drift,  somewhat  gravelly 
and  intermingled  with  local  material,  sweeps  up  through  the 
g^p  at  Kirk  Patrick  into  Glen  Meay,  where  it  joins  with  the 
similar  drift  which  covers  the  lower  flanks  of  the  hills  bordering 
the  coast  southward  to  Dalby.  Eastward  it  spreads  up  the 
depression  as  far  as  St.  John's,  patches  of  red  boulder-clay  con- 
taming  many  fragmentary  marine  shells  being  visible  in  the  bed 
of  the  Neb  at  the  mouth  of  Glen  Mooar.  At  St.  John's  three 
valleys  imite,  that  of  the  Neb  coming  in  from  the  north,  that 
of  Foxdale  from  the  south,  and  the  central  valley  of  the  Island 
from  the  east  (p,  458).  Into  the  first  the  red  drift  does  not 
penetrate  beyond  the  mouth;  into  the  second  it  enters  for  only 
a  short  distance,  and  then  dovetails  out  among  the  local  drift 
in  a  manner  well  shown  in  the  river-bank  one  mile  south  of 
St.  John's,  as  illustrated  over-leaf  in  Fig.  94. 

In  the  bottom  of  the  central  valley  the  drifl  is  buried  deeply 
under  alluvium  and  terrace-gravels,  and  is  not  seen;  but  on 
the  lower  part  of  the  hill-slopes  yellow  sandy  reconstructed 
drift  containing  foreign  boulders  and  pebbles  mixed  with  local 
material  can  be  traced  eastward  as  far  as  the  narrow  pass  at 
Greeba,  while  among  the  hills  to  the  northward  the  drift  is  all 
of  insular  origin.  The  central  watershed  of  the  Island  lies  a 
little  to  the  westward  of  the  Greeba  pass,  at  an  elevation  of  only 
160  feet  above  sea-level ;  but  though  the  foreign  drift  crosses 
the  summit,  it  appears  not  to  have  descended  the  valley  east- 
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ward  beyond  Greeba,  and  all  the  fflacial  roatenal  vinble  between 
Crosby  and  Union  Mills  is  of  local  origin,  except  a  few  bx- 
transport^d  pebbles  occurring  in  old  fl<rad-gniTeljB  lining  the 
valley  (p.  459). 

Thus,  so  far  as  the  valleys  are  concerned,  the  foreign  drift 
fairly  well  oiaintains  its  character  as  a  low-level  deposit,  the 
only  remarkable  point  being  its  failure  to  6nd  passttfe  farther 
along  them.  But  this  character  is  quite  lost  on  the  hiU-slopei 
to  tho  south-eastward  of  St  John's,  wnere  we  unexpectedlv  Snd 
that  tho  red  drift  rises  out  of  the  valley  and  sweeps  in  a  tnwd 

Fiu.  94.      Drift-section  in  the  west  bank  of  the  FoxdaU 
liiver,  opposite   Bftllahig,  showing  interlaminntion  ef 
red  [extra-inaidar)  and  grey  {instdar)  boulder-clay. 
Scale  :  1  inch  =  20  feet. 

Top  not  exposed. 
8  SUt]r  clay  (local 
drift)  traversed 
by  several  nar- 
row coatorted 
strina  of  red 
pebolf  clay  (ex- 
tra -  uuularX 
from  1  inch  to 
4  inches  thick, 
containinff  for- 
eign pebblea  u 
wellaaslatefrag- 

^,  .  -    „  _Q.    ~    .  ,.  ,      ~-  menta :  abont  ■  10  ft 

--'    -^ -■^^'=  •— ^  ---'•:•-"••' — i-"  '       1  Slaty  rabble  in 

grey  clayttynut- 
rix (local  drift)-   eh. 

belt  south -south-eastward  up  the  gentle  incline  which  frams  UtB 
shoulder  between  Foxdale  and  the  central  valley,  and  spreads  oul 
on  tho  siiTninit  at  a  higher  elevation  than  it  attains  in  any  otbs 
part  of  tho  Island. 

The  drift  occurs  on  tho  slopes  and  summit  of  tho  incline  in 
the  form  of  yellow  clayey  sand  or  loam,  containing  many  rock- 
frajjments  foreign  to  tho  Island  along  with  others  of  locil 
derivation.  This  material  lies  thickly  in  a  shallow  depression  on  tits 
summit  of  the  ridge  at  an  elevation  of  600  feet  above  sea-level, 
underlying  the  northern  part  of  the  tract  newly  planted  with 
trees ;  and  spreads  southward  more  thinly  nearly  to  tho  highest 
portion  of  Archallagan,  the  rounded  summit  beyond,  reaching 
an  altitude  of  about  700  feet.  Glacial  atriffi  are  of  rwe 
"ccurrence  in  this  district  owing  to  the  unfavourable  character 
of  the  country-rock  for  their  incision,  but  it  happens  fortunat^h 
that  one  finely-scratched  surface  of  slate  is  revealed  uaderlyiis 
the  drift  with  foreign  stones,  in  a  little  water-channel  in  Atcbat- 
Ingiin   plantation  200  yards  south-east  of  the  old  Comelly  or 
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Townsend  Mine  (p.  459).  These  strise  are  directed  from  N.  35  w. 
to  s.  35  E.;  and  on  facing  this  direction  we  look  straight  through 
the  gap  in  the  hills  at  St.  John's  and  across  low  ground 
to  the  open  sea.  Large  boulders  of  Galloway  granite,  one  of 
which  is  8  feet  in  diameter,  are  dotted  over  the  path  of  the  drift 
on  the  high  ground,  and  there  are  also  many  smaller 
erratics,  including  Silurian  mt  from  the  Southern  Uplands, 
red  porphyry,  diabase,  and  otners — in  fact,  the  usual  assemble 
found  m  the  extra-insular  drift.  These  are  numerous  in  the 
vicinity  of  the  above-mentioned  old  mine,  and  many  have  been 
carried  down  into  Glion  Darragh,  the  steep  rocky  gully  below 
the  mine.     (See  further  details  on  p.  459.) 

It  seems  impossible  to  explain  tne  position  of  the  red  drift  in 
this  tract  except  by  granting  that,  like  the  local  drift,  it  has  been 
the  product  of  an  ice-sheet  which  has  overwhelmed  the  hills.  lU 
distribution  is  then  seen  to  depend  directly  upon  the  configura- 
tion of  the  surrounding  district.  The  abrupt  slopes  of  Slieau 
Whuallian  immediately  south  of  St.  John's  have  been  too  steep 
for  the  drift-laden  baisal  layers  of  the  advancing  ice-sheet  to 
surmount,  and  rock-slopes  nearly  as  steep  have  sinmarly  hemmed 
it  in  on  the  north-eastward,  leaving  a  narrowing  gap,  like  the 
base  of  a  funnel,  for  the  passage  of  the  lower  part  of  the  ice, 
with  a  gentle  incline  leamng  upward  from  the  orifice.  With 
land-ice  pressing  in  across  the  open  ground  to  the  north-north- 
west in  tne  direction  indicated  bv  the  strias,  and  the  valleys 
already  partly  occupied  by  local  glaciers  (see  p.  391),  we  realise 
easily  the  conditions  of  glaciation  at  this  place;  whereat  imder 
the  supposition  of  the  marine  origin  of  the  red  drift,  the  facts 
would  oe  inexplicable.^ 

After  crossing  the  main  watershed  of  the  Island  at  Archallagan 
the  extra-insular  drift  becomes  less  distinct,  owing  to  the  ^eater 
admixture  of  local  detritus  ;  but  it  may  be  traced,  huggmg  the 
ridge  for  about  a  mile  farther,  to  the  high  ground  above  Garth, 
by  the  presence  of  its  far-transported  boulders  in  the  walls  and 
fences. 

Its  individualitv  as  a  stream  is  then  lost,  probably  through  its 
having  been  caught  in  the  south-westerly  drag  of  the  ice  under  _ 
the  lee-side  of  the  hills  (p.  347);  but  its  gradual  dissipation 
in  this  direction  may  be  held  accountable  for  the  presence  of  a 
few  foreign  pebbles  in  the  local  drift  of  the  east  bank  in  the 
upper  valley  of  the  Santon  River. 

Other  examples  of  a  similar  though  less  extensive  draggi^ng  up 
of  the  foreign  drift  to  high  levels  will  be  described  in  the 
subsequent  cnapter. 

Though  diflferently  attained,  the  same  conclusions  are  implied 
in  the  relations  of  the  drifts  at  the  mouths  of  the  valleys  which 
break  the  bold  scarp-like  northern  termination  of  the  mountains 

^  It  would  be  waste  of  space  to  consider,  as  a  possible  alternative,  the 
recently  revived  "  waves  of  translation  "  hypothesis  of  drift-formation  ;  it 
is  negatived  by  the  whole  tendency  of  the  evidence  in  every  part  of  the 
Island 
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between  Ballaugh  and  Rauisey  in  the  north  of  the  Idand. 
These  valleys — Glen  Dhoo,  Sulby  Glen,  and  Glen  Auldyn^-^re 
pre-glaoial,  and  trench  into  the  solid  rocks  deeper  than  the  level 
of  the  present  drift-plain ;  and  the  red  drift  is  banked  contin- 
uously along  the  front  of  the  hills  at  higher  levels  than  the 
valley-floors.  Thev  all  contain  much  glacial  detritus,  and  in 
Glen  Auldyn  and  Sulby  Glen  this  apparently  consists  entirely  of 
local  material,  the  foreign  drift  barely  entering  their  mouths.  In 
Glen  Dhoo,  however,  there  is  yellow  sand  and  gravel  with  foreign 
stones  and  streaks  of  red  clay  as  far  up  as  Riversdale,  about  a 
mile  from  the  entrance,  and  the  local  drift  is  confined  to  the 
upper  reaches  of  the  valley.  This  difference  may  be  explained 
by  the  fact  that  the  two  former  glens  possess  open  drainage 
basins  among  the  hills,  while  the  last  is  only  a  deep  trench  cut 
back  into  the  end  of  a  ridge  and  terminates  m  a  coomb,  as  can 
bo  gathered  at  a  glance  from  the  hill-shading  on  the  one-inch 
map.     The  glens  with  extensive  upland  catchment-areas  were 

Erooably  blocked  with  local  glaciers  at  an  early  stage  in  the 
riacial  period,  so  that  njo  room  was  left  for  the  extraneous  ice 
when  the  Island  was  afterwards  enveloped  in  the  south-moring 
sheet ;  but  Glen  Dhoo  and  one  or  two  similar  valleys  in  other 
parts  of  the  Island  were  partly  unoccupied  from  lack  of  suffi- 
cient gathering  ground,  and  were  therefore  filled  up  by  a  tongue 
of  the  main  ice  sneet. 

Again,  on  the  western  coast  south  of  Dalby  the  hills  are  for  the 
most  part  too  high  and  abrupt  for  any  drift  to  have  lodged;  but 
whore  the  ranee  is  gapped  by  depressions,  as  at  Flesh  wick  and 
at  Port  Erin,  tTie  red  snelly  drift  has  entered  in  upon  the  land 
in  a  stream  which  mingles  gradually  with  local  detritus.  (See 
pp.  461  and  471  for  local  details.) 

The  above  facts  are  throughout  consistent  with  the  view  that 
the  accumulation  of  the  extra-insular  drift  on  the  low  ground 
and  flanks  of  the  Island  has  been  practically  contemporaneous 
with  that  of  the  local  drift  in  the  interior ;  and  that  both  are  the 
product  of  land-ice.  Their  relative  distribution  is  everywhere  in 
keeping  with  Mr.  Kendall's  supposition  that  only  the  lower  layen 
of  ttic  ice-sheet  were  drift-laden,^  and  that  these  were  diverted 
by  the  steeper  hill-slopes  and  swept  round  the  flanks  of  the 
massif  as  an  undercurrent.  As  will  presently  appear,  this  view 
is  borne  out  by  other  evidence,  especially  by  tnat  of  the  glacial 
striations  and  the  transport  of  local  rocks  in  the  Island.  It  ii 
likewise  entirely  consonant  with  the  result  of  recent  investiga- 
tions of  existing  glaciers  in  Greenland*  and  Spitzbergen.* 

*  Op.  cit.,  p.  426. 

'  Prof.  T.  C.  Chamberlin,  Bull.  Geol.  Soc.  America,  vol.  vi.  (18951  1^ 
220  :  and  Journ.  Geol.  of  Chicago,  vols,  ii.,  iii.,  and  iv.  Also  G.  H.  Barton, 
Tecnnology  Quarterly,  vol.  x.  (1897),  pp.  213-244. 

'  E.  J.  Garwood  and  J.  W.  Gregory,  Quart.  Joum.  Geol.  Soc,  vol.  lif, 
pp.  197-227  ;  and  E.  J.  Garwood,  ihid.,  vol.  Iv.,  pp.  681-691. 
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Topographic  Featarei  of  the  Extra-Inanlai  Drift. 

In  all  questiuDS  relating  to  the  origin  ot 
the  drifts,  the  topographic  forma  which  the 
deposits  assume  are  of  at  least  as  great 
importance  as  their  lithological  conipo8ii.ioa. 
This  is  strikii^ly  exeniplitied  in  the  Isle  ot 
Man,  where  the  study  of  the  surface-features 
yields  much  more  information  as  to  the 
conditions  of  accumulation  of  the  drifts  than 
can  be  obtuined  from  the  most  careful 
examination  of  the  cliff-sections. 

Near  the  northern  mai^n  of  the  drift- 
plain  the  extra-insular  dri^  is  heaped  into 
a  chain  of  mounds  or  ridges,  rising  sud- 
denly from  a  level  plateau  to  a  height  of 
from  200  to  300  feet  above  sea-level.  This 
chain,  rarely  more  than  J  mile  in  width, 
sweeps  round  for  twelve  miles  in  a  rude 
crescent,  &om  the  east  coast  at  Bride  to  the 
west  coast  at  Jurby  and  Orrisdale.  The 
feature  was  known  to  the  geolc^ts  of  the 
early  mrt  of  the  century  as  the  Ballachyrrim 
Hills,  out  this  name  has  been  displaced  by  the 
term  Bride  Hills,applied  by  Gumming  and  the 
later  writers  from  the  vill^c  which  shelters 
under  the  eastern  summit.  As  seen  from 
the  low  ground  to  the  southward  (see  Fig.  95) 
the  cham  seems  at  first  sight  to  be  con- 
tinuous; but  on  claser  investigation  it  is 
found  to  he  composed  of  tlireo  or  more 
segments  set  en  ivhelon.  The  encroachment 
ot   the   sea   has   carried   away  most  of  the 

Sound  on  the  northern  or  c«nve-t  side,  and 
is  destroyed  the  easier n  horn  of  the 
crescent  and  also  broken  through  the  western 
margin  at  Ballakinnag ;  but  there  is  still  a 
strip  of  lower  drift  land  lying  to  the  north 
of  it  between  Kirk  Bride  and  mllamacskelly. 
On  its  southern  or  concave  side  the  drift 
deposits  are  arranged  in  a  series  of  plateaux, 
mainly  composed  of  gravel,  which  either 
slope  gently  inward  oi  descend  by  two  or 
three  distinct  steps  to  the  bo^y  alluvial 
hollow,  known  as  The  Curragh,  under  the 
bold  slopes  of  the  old  massif.  These  plateaux 
are  furrowed  by  numerous  drainage  noUows, 
now  for  the  most  part  dry  or  occupietl  only 
by  artificial  drainage  trenches;  and  these 
cnaimels,  with  one  notable  exception,  descend 
inward  towards  the  Curraph  even  when,  as 
at  Dog  Mills,  2  miles  north  of  Ramsey,  the 
head  of  the  channel  is  quite  close  lo  the 
existing  coast. 
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Stratified  luaterial  predominates  in  the  composition  of  the 
ridges,  especially  on  the  concave  side  of  the  crescent ;  but  they 
also  contain  much  stony  red  clay  or  boulder-loam,  only  in  part 
stratified,  especially  on  the  northern  slope  where  this  is  occasionally 
the  chief  constituent.  On  the  published  drift-map  the  sand  and 
gravel  of  the  mounds  has  been  indicated  by  a  deeper  tint  than 
the  similar  material  of  the  plateaux,  and  the  outline  of  the  hills 
is  partly  defined  thereby.  Where,  however,  the  boulder-clay  fonns 
part  of  the  hills,  as  around  Kirk  Bride,  this  is  shown  by  its 
proper  colour,  and  a  dotted  line  has  been  drawn  to  mark  off  the 
northern  limit  of  the  ridges 

The  structure  of  the  interior  of  the  mounds  is  excellently 
revealed  in  the  clitf-sections  at  Point  Cranstal  on  the  east  and  at 
Orrisdale  Head  on  the  west.  These  show  that  the  hills  are 
chiefly  due  to  the  local  thickening  of  the  middle  or  stratified 
part  of  the  drift-series.  The  lower  boulder-clay  is  usually  found 
at  the  base  of  the  clitf,  passing  under  the  mounds  without  much 
change  of  level ;  while  aoovc  it  the  rest  of  the  section  is  made  up 
of  a  confused  pile  of  coarse  current-bedded  boulder-gravel,  fine 
shelly  gravel,  sand,  warp,  and  stony  loam,  frequently  contorted, 
though  generally  well  stratified.  At  Point  Uranstjil  the  cliff- 
section  is  nearly  at  right  angles  to  the  ridge,  and  Is  continued 
southward  through  the  ^avel  plateaux  towards  Ramsey,  and 
northward  across  the  strip  of  lower  drift-ground  between  the 
Bride  Hills  and  the  raised  beach  of  The  Ayre,  as  represented  in 
the  opposite  diagram.     (Fig.  90). 

As  mdicated  in  the  diagram,  when  traced  northward  iKivond 
the  mounds,  the  pile  of  stratified  material  is  seen  in  part  t^)  thin 
out  and  in  part  to  pass  into  red  boulder-loam  or  claj^  containing 
nuiny  large  well-glaciated  erratics. 

This  structure  is  remarkably  similar  to  that  which  I  found  in 
the  drifts  of  East  Yorkshire,  where  the  Purple  Boulder  CLip,' 
forming  comparatively  flat  and  low  ground,  pass  laterally  into 
a  chain  of  mounds  composed  principally  of  shelly  gravel  and 
sand*  There  is  indeed  m  all  respects  a  close  analogy  between 
the  structure  of  the  drift-plain  of  tne  north  of  the  iSe  of  Man 
and  that  of  Holdemess.  In  both  cases  the  pre-glacial  floor  of 
the  solid  rocks  lies  far  below  present  sea-level,  so  that  the 
existing  land  is  due  to  the  local  heaping  up  of  the  glacial 
deposits ;  in  both,  again,  irregular  ridges  of  stratified  material 
form  prominent  surface-features  at  some  distance  from  the  solid 
hills,  with  an  intervening  lower  tract  which  drains  inland  from 
the  coast  and  in  which  wide  sheets  of  gravel  and  alluvium  have 
collected ;  in  both,  marine  detritus  is  abundant  in  some  of  the 
boulder-clays  and  gravels;  and  in  both  the  bulk  of  the  drift- 
material  has  been  introduced  from  extraneous  soiurces.  In  fact, 
the  only  noteworthy  difference  is  that  as  the  materials  have 
been  collected  from  tracts  of  widely  ditt'erent  geological  composi- 

>  "  The  Drifts  of  Flambro'  Head,"  Quart.  Joum.  GeoL  See.,  voL  xlvil, 
PI.  XIIL,  Fig.  15. 
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tion,  the  stoties  of  the  Manx  drift  differ  widely  from  those  oi 
Holdemess. 

Another  strikingly  similar  area  is  the  strip  of  low  drifb-covereA. 
land  which  forms  tne  southern  part  of  the  Cumberland  coast, 
between  the  massif  of  Black  Combe  and  the  Irish  Sea ;  and  in. 
this  case  the  resemblance  to  the  Manx  drift-plain  extends  to  tho 
actual  composition  of  the  drift-material. 

We   cannot  doubt  that  in  these    tracts,  and   in  others  ol 
similar  character,  theie  has  been  a  sameness  of  conditions  duriag* 

flacial  times  so  that  whatever  explanation  is  adequate  for  the 
sle  of  Man  will  be  capable  of  wide  application. 

Returning  to  the  study  of  the  Hride  Hills,  we  find  clew- 
evidence  in  their  topography  that  neither  during  nor  since  their 
formation  can  they  have  been  under  the  influence  of  mariiid 
action.  Among  the  hills  deep  dry  hollows  are  everywhere  present, 
which,  from  their  winding  courses,  especially  in  the  vicmitjof 
Kirk  Bride,  have  often  the  appearance  of  enclosed  basins  and 
have  been  mistaken  for  "  kettlenoles."  But  when  systematically 
tracefl,  they  are  found  to  constitute  definite  valley  systems, 
nmning  back  to  the  crest  of  the  chain,  and  in  some  catu 
cutting  deeply  across  its  entire  breadth,  always  with  the 
principal  draina^-slope  descending  inwards  towards  the  gravel 

Slateaux.  The  mrger  of  these  dry  valleys  are  80  to  120  feet  in 
epth  and  from  10  to  90  or  mere  yards  wide  at  the  floor.  In 
one  or  two  instances  an  older  valley  has  been  broached  by  a  Uter 
hollow,  but  in  all  cases  the  original  gradient  and  course  of  the 
stream  is  clciirly  indicated.  To  illustrate  these  features,  a  portion 
of  the  six -inch  field-map  on  which  these  valleys  were  traced  is 
reproduced  in  Fig.  97. 

These  dry  valleys  and  the  gravel  platforms  are  in  direct 
relationship.  Where  the  larger  of  the  old  channels  leave  the 
hills  we  find  a  broad  low  fan  of  stratified  material  spread  out 
upon  the  plain,  at  first  of  considerable  thickness,  but  afterwards 
thinning  oft'  until  insufficient  to  cover  the  underlying  boulder- 
loam  ;  and  with  the  decrease  in  thickness  there  is  a  corresponding 
decrease  in  the  size  of  the  constituent  pebbles.  The  largest  ot 
these  '  over- wash  plains  *  or  gravel-deltas  lies  to  the  eastward  of 
Jurby,  at  an  elevation  of  80  feet  above  O.D.,  and  covers  about 
3  square  miles.  Though  in  this  locality  the  sea  has  removed  the 
greater  part  of  the  marginal  hills,  the  direction  of  transport 
of  the  gravel  may  be  traced,  by  its  increasing  roughness,  to  the 
neighbourhood  of  Sartfield,  near  Jurby,  where  the  plain  ends  off 
among  low  billowy  ridges  of  coarse  gravel  of  extra-msular  oriein, 
contaming  stones  up  to  12  inches  in  diameter.  Other  smwler 
spreads  of  similar  character  lie  between  Kirk  Andreas  and  the 
Bride  Hills,  as  partly  shown  on  the  map  (Fig.  97),  and  these  can 
be  followed  up  to  the  valleys  whence  they  came. 

It  is  clear  that  the  same  agency  whicn  scooped  out  the  dales 
has  spread  the  gravel-deltas  on  the  plain ;  ana  it  is  nianifesdj 
impossible  to  ascribe  such  features  to  submarine  action.  In 
every  particular  we  are  confronted  by  the  characteristics  of 
stream-erosion. 


TopoGBAPiiic  Featuhes. 

,G.  97.     Plnn  flf  dry  valUys  near  Kirk  Bride. 
The  figures  denote  height  above  sea-level. 
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Thus  far  the  explanation  is  simple :  but  the  question  arises, 
whence  came  nmninfj  waters  of  sufficient  magnitude  ?  Granting 
even  the  most  favourable  conditions  of  frozeii  subsoil  and  melting 
snow,  it  is  impossible  that  the  water  necessary  to  carve  out  sucb 
trenches  as  those  around  Bride,  and  to  spread  such  gravels  as  at 
Jurby,  could  have  collected  on  the  narrow  ridge.  One  can  judge 
from  the  diminutive  valleys  on  the  northern  slope  of  the  mounos, 
where  owing  to  the  clayey  subsoil  there  is  still  some  superficial 
drainage,  how  comparatively  insignificant  the  work  of  the  surfeu^e- 
water  has  been  since  glacial  times.  Besides,  we  have  to  explain 
insUmces  where  the  trenches  are  cut  completely  across  the  ndge, 
as  at  Lamb  Hill,  Thurots  Cottage,  and  Smeale  (see  pp.  432-3)l 

This  difficulty  is  overcome  by  applying  Mr.  Kendall's  suggestion 
that  the  "great  fans  of  gravel  and  sand  may  have  been  laid 
down  by  water  washing  freely  out  from  the  edge  of  the  ice."  *  The 
crescentic  ridge  itself  has prooably  formedamoraineof  retrocession 
at  the  margin  of  the  wanmg  ice-sneet,  where  its  front  had  receded, 
s  will  presently  be  shown,  as  the  result  of  the  solvent  effect  of  the 
north-nowing  rivers  of  the  Island  (p.  397).  Streams  draining  from 
the  ice-sheet  into  the  lake-filled  noUow  which  \a,j  at  this  time 
between  the  solid  hills  and  the  ice-frt)nt  trenched  cfeeply  into  diis 
moraine ;  and  the  detritus  which  thev  carried  was  spread  out 
into  gravelly  *overwash  plains'  or  'kame  deltas,'  partly  by 
fluviatile  action  and  partly  1^  the  lake-waters.  This  seems  to 
be  the  only  explanation  consonant  with  the  whole  of  the  facts; 
and  it  is  at  the  same  time  borne  out  by  the  conditions  actually 
observed  at  the  margins  of  existing  low-ground  or 'piedmont* 
ice-shects.- 

Some  of  these  phenomena  are  repeated  on  a  small  scale  in  the 
south  of  the  Island,  but  are  there  less  clearly  developed  (see 
details,  np.  470-2).  They  are  all  the  outcome  of  the  waning  phases 
of  the  glaciation.  The  facts  next  to  be  described  relate  to  the 
solid  hiU-mass  of  the  Island,  and  are  chiefly  records  of  conditions 
during  the  maximum  stage  of  the  glaciation ;  they  afford 
irrefutable  evidence  that  an  ice-sheet  has  moved  across  the 
highest  summits,  regardless  of  their  contours. 


Olaciated  Bock-surfaces. 

The  presence  of  glacial  striations  on  the  Carboniferous  lime- 
stone near  Castletown  and  Port  St.  Mary  and  on  the  slate-rocb 
at  Cregneish  wjis  first  noted  by  Cumming ;  »and  similar  markings 
on  the  slates  of  Banks  Howe  north  of  Douglas  attracted  the 
attention  of  Rev.  J.  C.  Ward,*  while  others  on  Maughold  Heed 

I  0[).  cit,  p.  428. 

'^  Consult  J.  C.  RusseH'R  description  of  the  Malaspina  Qlacier  of  Alaska, 
m  13th  Annual  Rep.  of  U.S.  Geol.  Survey  (1891-2X  part  ii.  Abo  pftnen 
on  Ltreenland  and  Spitzbergen  glaciers  quoted  on  p.  362. 

!  Q^rt;  Journ.  Geol.  Soc.,  vol.  il,  p.  339,  and  vol.  x,  p.  214, 
(ieol.  Hag.,  dec.  ii.,  vol  vii.,  p.  6. 
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and  South  Barrule  have  been  recorded  by  Mr.  Kendall.^  These 
are  the  only  examples  hitherto  recorded  ;  and  as  it  happens  that 
all  are  on  the  south-eastern  or  lee-side  of  the  central  hill- 
ran^,  where  the  direction  of  ice-flow  was  influenced  by  local 
conditions,  they  have  given  rise  to  some  misconception  as  to  the 
general  direction  of  the  ice-movement  across  the  Island.  During 
the  prosecution  of  the  Survey  about  150  new  instances  of  these 
mar&ings  were  observed,  occurring  at  all  elevations  up  to  the 
highest  summit,  and  in  nearly  all  parts  of  the  solid  massif,  thus 
aiiording  a  singularly  complete  rx)dy  of  evidence  as  to  the 
character  of  the  glaciation  and  the  movement  of  the  ice.  The 
more  important  of  these  strife  have  been  shown  on  the  published 
map,  ana  a  detailed  list  is  given  in  the  next  chapter  (p.  476),  so 
that  we  need  here  consider  only  a  few  selected  cases  of  especial 
interest. 

The  markings  are  most  plentiful  on  the  flanks  of  the  Island 
aud  on  its  higher  ridges,  and  are  of  rarest  occurrence  in  the 
glens.  In  exposed  places,  where  the  general  rock  surface 
retains  only  its  flowmg  outline  in  evioence  of  glaciation, 
fine  stria3  mav  still  be  sometimes  found  on  the  quartz  veins, 
with  which  tne  slate-rocks  are  often  seamed.*  In  places  where 
the  ice-flow  was  least  likely  to  be  influenced  by  the  local 
topography,  as  on  the  higher  ridgies  and  summits,  the  bearing 
of  the  striae  is  usually  from  points  between  N.  and  N.W.  to  points 
between  S.  and  S.E.  On  the  flanks  of  the  hills  and  on  the  lower 
ground  generally,  the  deflection  from  this  direction  is  always  such 
as,  from  the  form  of  the  ground,  might  be  expected  to  take  place 
in  a  semi-plastic  mass  moving  across  the  Island  from  N.N. W.  to 
S.S.K  Thus,  south  of  Ramsey  the  striations  swing  round  the 
north-eastern  shoulder  of  the  hills,  and  gradually  take  up  a  south- 
westerly or  even  a  west-south-westerly  course  under  the  lee  of  the 
central  chain,  but  swer\'e  back  to  their  former  direction  as  they 
leave  its  shelter  in  the  south-western  peninsula  west  of  Port  St. 
Mary  and  on  the  Calf  Islet.  On  tnis  sheltered  side  of  the 
Island,  especially  towards  both  extremities,  intercrossing  strije  are 
of  frequent  occurrence ;  in  which  cases  the  markings  can  usually 
be  resolved  into  two  sets,  the  one  having  the  dominant  N.N.  W. 
to  S.S.E.  direction  and  the  other  showing  the  E.N.E.  to  W.S.W. 
deflection.  These,  no  doubt,  indicate  the  changing  effect  of  local 
conditions  upon  the  movement  of  portions  of  the  ice-sheet  at 
different  stages  of  its  growth.  On  the  western  side  of  the 
Island,  also,  there  is  evidence  of  local  deflection  when  the 
ground  rises  steeply  from  the  sea,  as  at  Contrary  Head  where 
the  striffi  run  nearly  parallel  to  the  coast.    These  deflected  streams 


'  Op.  cit.,  p.  405  and  map.  Certain  of  these,  near  Ramsev,not  examined 
by  Mr.  Kendall  himself,  have  proved  to  be  the  marks  made  by  the  sliding 
of  screes  on  steep  slopes,  and  are  therefore  not  included  in  our  list. 

'  These  glaciated  surfaces  of  quartz  posness  apeculiar  smoothness  which 
one  soon  learns  to  distinguish  by  the  tpuch.  The  scratches  on  them  are 
very  fine,  but  become  easily  visible  when  rubbed  with  the  scrapings  of  a 
l^id-pencil. 
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Fig.  98.     Sketch-map  of  the  Glacial  phenomena  of  tht  /»/< 
of  Man. 


The  &ITOWS  with  ovftb  indicate  glacial  BtriiB  and  the  direction  of  in 

movement. 
The  dotted  area  marks  the  distribution  of  ex tra- insular  drif  t-material : 

the  area  left  plain  contains  local  drift  only. 
D  =  Dhoon  Granite ;  F  =  Foxdale  Qraaite  ;  0  =  Oatland  Oranitite; 

with  their  respective  boulder-atreama  indicated  by  circlets. 
The  black  lines  indicate  railways. 
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may  have  taken  the  form  of  drift-laden  undercurrents,  over  which 
the  upper,  and  perhaps  driftless,  part  of  the  ice-sheet  held  its 
normal  south-south-easterly  course.  We  have  already  seen  that 
the  extra-insular  drift  material  seems  usually  to  have  been  confined 
to  these  lower  streams,  its  dispersal  corresponding  exactly  with  the 
currents  indicated  by  the  deflected  stria3. 

Of  individual  striated  surfaces  one  of  the  most  interesting^  is 
that  in  a  shallow  cutting  at  the  side  of  the  electric  tramline 
within  30  or  40  feet  of  the  summit  of  Snaefell,  the  highest 
mountain  of  the  Island,  at  an  elevation  of  about  2,000  feet  above 
sea-level.  The  striations  occur  on  a  surface  of  slate  40  yards  distant 
from  the  summit-terminus  of  the  line.  Their  direction  is  S.  15  E., 
which  is  transverse  to  the  longer  axis  of  the  mountain.  Other 
striations,  having  approximately  the  same  direction,  are  exposed 
in  the  cuttings  at  slightly  lower  levels.  In  the  northward  pro- 
longation of  the  same  hill-chain,  between  Snaefell  and  North 
Barrule,  there  are  further  instances  of  high-level  striae,  at  altitudes 
langing  between  1,400  and  1,600  feet,  in  the  shallow  cols  leading 
into  the  Comah  Valley;  and  again  south  of  Snaefell,  at  1,560 
feet  on  Mullagh  Ouyr,  and  at  1,340  feet  on  Cam  Gerjoil,  the 
ilirection  of  the  stnse  being  always  across  the  axis  of  the  ridge. 
South  of  the  central  valley,  striations  similar  to  the  above- 
mentioned  were  observed  on  the  Slieau  Whuallian  range  at  1,090 
feet ;  on  South  Barrule  at  about  1,300  feet;  and  on  the  Camanes 
north  of  Fleswick  at  about  800  feet. 

The  clearest  proof  that  the  markings  were  made  by  the  flow 
of  a  mass  piled  up  in  the  basin  of  the  Irish  Sea  to  the  northward 
of  the  Island,  and  not  bv  local  ice,  is  afforded  by  an  instance 
which  occurs  two  miles  N.N.W.  of  Snaefell  at  over  1,200  feet  above 
sea-level  on  the  rounded  upland  of  Slieau  Menagh  (Monagh  of 
the  ordnance  map)  overlooking  Sulby  Glen.  A  crag  of  vein- 
auartz  known  as  Greg  Bedn,  iutting  out  on  the  northern  side  of 
tne  moorland,  has  been  rounded  off  and  striated  by  the  uphill 
flow  of  ice  from  the  north-north-westward  (Fig.  99),  in  which 
direction  there  Ls  no  high  land.  The  upland  is  bounded  on 
the  west  by  the  deep  preglacial  valley  of  the  Sulby  River ;  on 


the  east  and  north,  by  a  depression  drained  bv  a  tributary  of 

me  south  by 
glen  of  another  tributary  of    the^! Sulby.  \TheJj)rofile  of  the 


that  stream ;  and  is  cut  off  from  Snaefell  on  tne  south  by  the 


land  in  the  line  of  the  striie  is  sliown  in  the  accompanying 
diagram  (Fig  100),  which,  without  further  discussion,  will  render 
apparent  the  impossibility  of  local  ice  having  moved  in  the 
indicated  direction. 

It  is  also  noteworthy  that  striations  sometimes  occur  on 
vertical  or  overhanf^ing  rock-faces.  Besides  examples  of  this 
character  on  a  small  scale  on  the  Carboniferous  Limestone  in 
the  south,  noticed  by  Mr.  Hewitt^  and  by  Mr.  Kendall,  two 
fine  instances  on  a  larger  scale  were  observed  on  the  slate- 
rocks.     One  of  these  is  on  a  vertical  rock-face  at  an  elevation  of 

*  Proc.  Liverpool  Geol.  See.,  vol.  v.  (1887-8),  p.  352. 
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lit  1,300  feet  on  the  craggy  side  of  North  Bamile  overiookiog 
Cornah  Valley,  280  yams  to  the  westward  of  the  fence  which 
aes  the  ridge  from  Park  Lewellyn  ;  the  other  is  on  the  lower 
j-s  of  the  eastern  slope  of  Bradda  Hill,  280  yards  W.  10  S.  of 
J,  the  farmstead  of  Ballalonney.     In 

■a  the  latter  instance  a  vertical  rock- 

face  has  been  undercut  and  fluted, 
the  grooves  being  inclined  at  10° 
towards  the  north,  probably  de- 
noting the  upward  movement  ol 
ice  under  pressure  through  the 
low  pass  at  Fleshwiek  between 
firadda  Hill  and  the  Camanes. 

The  only  deduction  which  seems 
possible  from  the  evidence  of  the 
striations  as  a  whole  is  that  the 
Island  has  been  surrounded  and  its 
highest  summits  overwhelmed  by 


!i 


Jtrj  Bock-Channels  and  Allied 

Phenomena. 
Evidence  of  the  former  existence 
of  an  ice-sheet,  as  strong  in  its  way 
as  that  of  the  strite,  is  ftimished 
by  the  presence  of  rock  channels 
here  and  there  among  the  hills, 
excavated  by  running  water  in 
sj  positions    where  the  land    could 

H  have  supplied  no  stream.     These 

channels  nave  not  been  observed  on 
aj  the  main  or  Snaefell  hiil-rango,  but 

I  are  rather  numerous  on  the  spurs 

which  run  out  from  it  on  both 
ttanks.  They  usually  take  the  form 
either  of  a  shallow  notch  cutting 
the  spur  in  a  direction  more  or  less 
parallel  to  the  main  range,  or  of  a 
dry  gulch  with  low  crag^  walls 
aUirting  from  the  crest  of^e  ridge. 
Examples  of  the  former  type  may 
be  studied  on  the  ridge  between  the 
parishes  of  Onchan  and  Lonan, 
south  of  Laxey,  at  heights  of  600  to 
900  feet  above  sea  level ;  and  of  the 
latter,  on  the  south-western  slope  of 
an  Cum  near  Ballaugh,  starting  at  an  elevation  of  1,058  feet 
re  are  other  instances  on  tne  westerly  slope  of  Slieau 
n,  one  of  which,  at  Ballacooley,  goes  paraUel  to  the  hillside 
not  down  the  slope,  beginning  and  ending  without  any 
tion  to  the  general  form  of  the  surface.     It  is  noteworthy 
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that  in  the  vicinity  of  channels  of  this  character  the  grouul 
is  in  most  cases  unusually  free  from  drift.  Lower  dovn  on 
the  same  hillside,  on  the  Bishopscourt  Demesne  500  yards  north 
of  Bishop's  Glen,  at  an  elevatioD  of  200  feet  above  the  drift- 
plain  or  300  feet  above  sea-level,  another  sii^^lar  notch  is 
carved  out  in  the  slope,  parallel  to  the  contours,  ending  off 
indefinitely  at  both  ends  in  the  manner  which  we  have  attempted, 
'  not  very  succeasfally,  to  iUustrate  io  the  following  diagnni 
(Fig.  101). 

Fig.  101.     Diagrammatic  ground-plan  showing  dry  icater- 
course  on  the  hillside  cast  of  Bishops  Court. 

Scftle  ;  1  inch  =  3  milex.  The  black  lines  show  the  profile  of  the  rarto 
At  regular  intervalB.  The  numbers  give  heights  above  sea-leTd  « 
highroad. 


Two  miles  farther  south,  on  the  western  side  of  Glen  WjUin 
near  Kirk  Michael,  there  is  a  good  example  of  another  typeot 
dry  vftllov.  In  this  case  the  narrow  steep -sided  rock-rito 
forming  the  western  margin  of  Glen  Wyflin  is  transvera^j 
trenched  by  a  gully  starting  on  the  very  crest,  at  an  altitude  M 
between  300  and  400  feet  above  the  bottom  of  the  Glen,'  with 
the  ground  sinking  abruptly  to  within  60  or  VO  feet  of  sea-levd 
at  the  heiid  of  the  gully,  as  shown  in  the  sketch  map  (Fi?.  lOS). 

The  gully  has  been  cut  out  of  solid  slate  and  greywacke  to  « 
depth  of  50  or  60  feet,  and  has  bold  cra^y  walls,  now  some- 
what shattered  by  weathering.  To  excavate  this  channel 
through  such  rocks  must  have  required  a  strong  stream  of 
water ;  yet  there  is  no  catchment  area  whatever  at  the  head  of 
the  gully.     Nor  can  it  be  part  of  an  old  valley  which  has  been 

j^'  The  absence  of  contour-lines  from  the  Ordoance  map  prevents  a  mon 

f)reciae  statement  of  the  elevations,  as  no  opportunity  was  found  for  spHitl 
evelling. 


I)BY  Rock-Channeu.  3( 

3.  102.     Sketch-map  showing  dry  rock-valley  near  BalUdheigh, 
Kirk  Michael. 

Scale ;  4  inclieB  =■  1  mile.    The  figures  are  levels  in  feet  above  O.D. 
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beheaded  by  Glen  Wyllin,  for  the  adjacent  part  of  Glen  Wyllin 
is  clearly  a  [Mreglacial  valley  (p.  447),  while  the  gully  has  been 
excavated  since  the  deposition  of  the  drift  which  is  piled  up  in 
mounds  on  both  sides  of  it.  Besides,  a  broad  pre-glacuJ  depra- 
sion  lower  than  the  crest  of  the  rid^e  extends  back  from  trlen 
Wyllin  to  the  western  slopes  of  Sheau  Freoaghane.  The  drift 
lies  thick  in  this  depression,  but  can  never  have  filled  it  to  the 
level  of  the  ridge ;  nor  is  the  configuration  of  the  depression  such 
that  any  glacially-dammed  lake  which  it  mav  have  contained 
could  have  found  an  outlet  through  the  gufly.  Nevertheless, 
except  by  postulating  some  temporary  obliteration  of  the  Glen 
Wyllin  depression  it  seems  impossible  to  account  for  the  water- 
flow  adequate  for  the  excavation  of  the  channel  The  necessary 
conditions  may  have  existed  when  the  waning  *  piedmont  *  ice, 
lingering  for  a  time  in  the  hollow,  filled  Glen  \^llm  to  the  brim, 
so  that  a  stream  running  partly  on  ice  and  partly  on  land  could 
flow  westward  across  it  and  down  the  channel  at  BaUalheigh  to 
the  outer  margin  of  the  hills  at  Glen  Mooar.  Such  a  stream 
may  have  had  its  sources  in  the  two  deep  mountain-coombs 
between  Slieau  Freoaghane  and  Slieau  Cum,  which  still  send  a 
strong  tributary  westward  into  Glen  Wyllin  almost  directly  in 
line  with  the  dry  gully  on  the  opposite  side  of  the  valley. 

A  similar  explanation  will  apply  to  all  these  dry  channds. 
In  some  cases  the  streams  by  which  they  have  been  cut  may 
have  been  the  outflow  from  temporary  lakelets  hemmed  in 
between  the  land  and  the  ice ;  while  other  streams  have  been  the 
flood- waters  of  the  ice-sheet  itself,  with  courses  lying  for  the 
most  part  on  the  surface  of  the  ice,  but  in  places  crossing  the 
solid  ground  as  it  gradually  emerged  from  the  thawing  sneel 
These  channels  are  not  peculiar  to  the  Isle  of  Man.  They 
may  be  observed  in  almost  every  hilly  district  which  the  ice- 
sheet  has  overwhelmed.  Many  instances  have  recently  been 
found  by  Mr.  P.  F.  Kendall  and  other  observers^  in  different 
parts  of^  Yorkshire,  and  I  have  myself  noticed  good  examples 
under  the  Carboniferous  escarpment  in  the  Eden  Valley  east 
of  Appleby,  and  on  the  western  slopes  of  Black  Combe  above 
Whitbeck.  The  abnormal  dry  valleys  in  Eastern  Berwickshire 
described  many  years  ago  by  Sir  Archibald  Geikie*  are  pro- 
bably of  the  same  character.  They  are  common  in  many 
parts  of  the  glaciated  area  of  North  America,  where  they  fre- 
quently attain  very  large  dimensions.' 

That  these  valleys  snould  occur  in  the  Isle  of  Man  at  all 
elevations  nearly  down  to  sea-level  proves  the  continuity  of  sub- 
aerial  conditions  in  the  area  throughout  the  waning  phases  of 
the  glaciation. 

»  P.  F.  Kendall,  Rep.  BritiBh  i^soc.  forJ899,  p^  743j^  J.  K^^^^^ 

.  ^  ^ .., . ™^  ^^^ —  ™. R<qr 

Fairchild,  "  Glacial  History  of  Western  New  York,"  Geol.  Mag.  dec.  iv., 
vol.  iv.  (1897),  pp.  5.31-537. 
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The  Transport  of  local  Boulders. 

The  larger  plutonic  masses  ot  the  Island  are  admirably 
adapted  in  their  lithological  characteristics  and  in  their  position 
for  yielding  evidence  regarding  the  general  direction  of  ice- 
movement  as  shown  by  the  transport  of  their  boulders.  In 
this  respect  the  Dhoon  Granite,  the  Foxdale  Granite,  and  the 
Oatland  or  Santon  Granitite  deserve  our  special  attention.  The 
dispersal  of  these  boulders  is  roughly  indicated  on  the  sketch- 
map.  Fig.  98,  p.  360,  which  will  serve  to  illustrate  the  following 
descriptions. 

Dhoon  Granite. — This  granite  has  an  exposure  of  about  |  sq. 
mile  on  hilly  ground  close  to  the  north-eastern  coast-line,  but  it 
does  not  actually  reach  the  coast  (see  pp.  142-4).  Although  there 
is  lower  ground  to  the  northward  of  its  outcrop,  no  boulders 
from  it  have  been  found  in  that  direction,  as  Henslow  long  ago 
noticed  (p.  332) ;  but  a  broad  train  may  be  traced  going  south- 
ward over  the  upland,  thus  taking  the  course  indicated  by  the 
local  ice-scratches.  The  major  part  of  train  is  intercepted 
by  the  waters  of  Laxey  Bay,  only  the  western  fringe 
remaining  on  land.  ^  Two  miles  farther  south,  however, 
the  projection  of  Clay  Head  catches  the  stream  again, 
thougn  here  they  are  mixed  with  others  of  extra-insular 
Dngin.  Thence  they  may  be  traced,  in  rapidly  diminishing 
numbers,  into  Douglas  my,  where  they  are  relatively  scarce. 
South  of  Douglas,  though  a  few  stones  of  Dhoon  Granite  occur 
in  the  gravels,  the  train  is  no  longer  recognizable.  The  course 
taken  by  these  boulders  is  only  explicable  on  the  supposition  that 
the  bed  of  the  sea  to  the  eastward  was  occupied  by  an  ice-sheet 
which  barred  the  passage  of  the  boulders  in  that  direction  and 
forced  them  coastwise  southward  under  the  lee  of  the  hills.  Tliis 
conclusion  is  in  perfect  accordance  with  the  bearing  of  the 
numerous  local  stnae  (see  map  Fig.  98). 

Foxdale  Granite. — The  boulders  from  this  granite  hold  a 
notable  place  in  glacial  Uterature,  since  they  furnished  a  classical 
and  oft-discussed  example  of  transport  from  lower  to  higher 
levels  (for  references,  see  ante  p.  332;  and  BibUography,  p.  689). 
Camming  described  the  main  facts  with  his  usual  accuracy,  and 
Mr.  R  fl.  Tiddeman  supplied  the  true  interpretation  in  1872 
in  his  well-known  paper  on  "The  evidence  for  the  Ice-sheet 
in  North  Lancashire."  ^  Though  much  has  since  been  written 
on  the  subject,  scarcely  any  additions  have  been  made  to  the 
Facts  observed  by  Gumming  until  the  present  examination,  which 

^  Mr.  Kendall  mentions  (op.  cit.,  p.  401)  an  altered  rock  in  the  drift  near 
!i>naefell  which  he  thought  might  have  come  from  the  neighbourhood  of  the 
Dhoon  Granite,  but  which  proves  to  have  been  derived  from  a  more 
immediately  local  source.  Tnere  are  no  Dhoon  boulders  in  the  tract 
referred  to 

-  Quart.  Journ.  Geol.  Soc.,  vol.  xxviii.,  p.  488. 
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has  thrown  fresh  light  upon  the  dispersal  of  these  boulders, 
while  fully  confirming  the  theoretical  conclusions  of  Messrs. 
Tiddeman,  Kendall,  and  others. 

The  granite  is  exposed  on  a  col  of  the  main  watershed  south 
of  the  central  valley,  at  an  elevation  ot  600  to  700  feet^  above  sea- 
level  (see  p.  165).  The  deep  trench-like  valley  of  Foxdale  drains 
northward  from  shallow  depressions  at  the  margin  of  the  granite; 
and  from  the  same  boggy  ground  spring  the  Santon  River  and 
the  Silverbum,  which  flow  southward  in  broad  open  valleys  with 
a  nmch  more  gradual  descent.  To  the  eastward  the  ground 
rises  gently  towards  Archallagan,  and  to  the  westward  moimts 
steeply  for  500  feet  into  the  tnmcated  end  of  the  ridge  of  South 
Barrule,  and  then  more  gently  to  the  summit  of  that  mountain, 
1,585  feet  above  sea-level. 

Boulders  of  the  granite  are  scattered  sparsely  on  this  mountain 
up  to  its  very  summit,  attaining  a  maximum  elevation  of  about 
900  feet  above  their  source  within  If  miles  of  the  granite 
outcrop.  It  seems  hitherto  to  have  been  taken  for  granted 
that  they  have  travelled  from  the  outcrop  directly  up  the 
nearest  slope,  but  this  does  not  appear  to  have  been  the  case. 
They  have  probably  travelled  by  a  more  circuitous  route,  imder 
less  simple  conditions  than  are  at  first  sight  suggested,  thou^ 
not  essentially  different. 

Participating  in  the  dominant  ice-movement,  the  main  stream 
of  boulders  has  passed  southward  down  the  jparallel  valleys  of 
the  Silverburn  and  Santon,  spreading  out  slightly  towards  the 
east,  so  that  stragglers  have  gone  over  a  low  water-parting  into 
a  more  easterly  depression  which  drains  to  the  sea  at  Port 
Soderick.  On  the  shore  at  the  last-mentioned  place  may  be 
found  an  occasioniil  block  of  the  granite,  and  westward  they 
become  more  plentiful,  so  that  between  Santon  Head  and  Port 
St.  Mary  they  are  often  rather  abundant  between  tide  marks  in 
sheltered  places.  The  greater  part  of  this  southerly  boulder- 
train  has,  however,  been  deflected  westward  as  it  left  the  hills, 
by  the  south-westerly  lee-side  current  of  ice,  and  has  not  reached 
tiie  coast.  Consequently  the  boulders  are  strewn  in  greatest  pro- 
fusion over  the  parish  of  Malew  between  the  outcrop  of  the 
granite  and  the  village  of  Ballasalla,  and  over  all  the  ground  in 
Arbory,  the  next  parish  to  the  westward,  between  the  mountains 
and  tlio  west-going  main-road  through  Colby.  To  the  westward 
of  Colby,  boulders  of  the  granite,  along  with  other  local  and  a 
few  foreign  erratics,  are  scattered  here  and  there  over  the  south- 
western peninsula  of  the  Island,  and  also  on  the  Calf  of  Man, 
but  no  deiinito  tmin  is  distinguishable.  As  the  rock-stri» 
indicate  that  a  tongue  of  the  main  ice,  from  the  westward  of  the 
Island,  has  pressed  in  south-souih-eastward  through  the  gap  at 
Flcshwick,  and  has  also  overwhelmed  Bradda  Head,  the  oblitera- 
tion of  the  local  current  in  this  quarter  is  perfectly  explained 

^  Mr.  Kendall  states,  on  the  authorit}  of  the  Director  of  the  Ordnance 
fcJurvey,  that  "  Granite  Mountain  "  is  657  feet  above  O.D. :  op.  cit  p.  401. 


FOXDALE  OSANITE  BoULDEfiS.  369 

Considering,  the  small  extent  of  the  granite  outcrop,  the 
number  of  boulders  which  it  has  sent  off  is  remarkable.  Within 
the  main  train,  over  an  area  of  6  square  miles  the  fences  and 
farm  buildings  contain  little  other  material,  and  the  moorland 
south  of  the  granite  is  strewn  thick  with  blocks.  The  boulders 
lie  for  the  most  part  at  or  near  the  surface ;  and  as  apparently 
only  a  small  number  have  been  carried  beyond  the  present 
coast-Une  we  probablv  still  see  a  large  proportion  of  the  blocks 
originally  transported.  Theu*  removal  must,  of  course,  to  some 
extent,  have  lowered  the  level  of  the  outcrop ;  but,  judging  from 
the  shape  of  the  ground,  the  lowering  does  not  appear,  after  all, 
to  have  been  great.  An  estimate  might  possibly  be  made  of 
the  total  number  of  the  boulders,  which  would  afford  the  basis 
for  an  approximate  calculation  of  the  thickness  of  rock  removed. 

The  nigh-level  boulders  on  South  Barrule  and  Cronk  ny 
Arrey  Lhaa,  lying  to  the  westward  and  west-south-westward  of 
the  granite,  cannot  have  been  transported  in  the  stream  just 
described.  As  Cummingpointed  out  in  184^^,  they  lie  on  the  north- 
western as  well  as  on  the  south-eastern  side  of  South  Barrule ; 
and  he  remarked  on  the  difficulty  of  accounting  for  this  distri- 
bution on  the  opposite  sides  of  the  mountam  by  the  then 
prevalent  theory  of  floating  ice  and  marine  current  action. 
Ward  and  Kendall,  Ukewise,  have  drawn  attention  to  the 
anomalous  position  of  these  blocks  on  the  north-western  slopes 
of  the  hill-range.  But  the  difficulty  disanpears  when  the  groimd 
to  the  north  and  north-westward  of  tnc  granite  outcrop  is 
closely  examined,  as  it  is  then  found  that  a  small  train  has  been 
given  off  in  this  direction  also. 

This  minor,  train  seems  to  have  gone  northward  down 
Foxdale  for  about  a  mile,  hugging  the  western  slope  of  the 
valley,  and  has  then  turned  westward  out  of  th^  Foxdale  depres- 
sion into  the  high-lying  hollow  between  South  Bamile  and 
Slieau  Whuallian  in  which  lies  the  watershed  between  Foxdale 
and  Glen  Rushen  (see  p.  10).  On  the  moorland  forming  the 
south-eastern  side  of  this  hollow  from  Doarlish  Head  to 
BaUavell  the  boulders  are  abundant,  rising  steadily  to  higher 
levels ;  the  majority  of  these  lie  below  the  old  highroad,  which  is 
firom  900  to  1,000  feet  above  O.D.,  but  there  are  numerous  examples 
above  the  road,  scattered  over  the  western  slope  of  South 
Barrule  up  to  the  summit.  They  are  also  scattered,  in 
diminished  numbers,  around  the  head  of  Glen  Rushen  at  about 
1,200  feet  above  O.D.  on  Cronk  Fedjag,  and  at  over  1,400  feet 
on  Cronk  ny  Arrey  Lhaa ;  and  stragglers  have  apparently  been 
carried  soutnward  over  the  ridge  and  thus  into  the  territory  of 
the  previously  described  main  stream  on  the  south-eastern  side 
of  the  mountains.  The  striated  surfaces  of  the  area  fully  con- 
firm the  evidence  of  the  boulder-trains.  On  the  granite  out- 
crop and  on  the  north-eastern  crest  of  the  ridge  of  South 
Barrule,   the  striations  are   in   the  direction   of  tne   principal 

^  Quart  Joum.  Geol.  Soc.,  vol.  ii,  p.  341. 
3194  A  A 
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ice-flow,  viz.,  N.N.W.  U>  S.S.K ;  and  the  same  is  the  case  on  tlie 
Bouthem  spur  of  Cronk  Fe<ljag;  while  on  a  weU-eladated 
surEace  on  the  north-west  slope  of  South  Bamile,  at  me  small 
slate  trifds  south  of  the  highroad,  the  strise  bear  nearly  N.E.  to 
S.W. 

.  The  curious  westerly  uphill  divergence  of  the  north-moving 
train  from  its  apparently  inevitable  course  down  Foxdale  was 
doubtless  caused  by  the  lobe  of  foreign  ice  which  crossed  the 
mouth  of  the  valley  on  its  w^  up  the  Archallagan  slope  as 
previously  described  (p.  350).  With  this  intruding  mass  to  the 
north  anci  east,  the  local  ice  which  had  previously  accumulated 
at  the  head  of  the  vallev  could  find  no  passage  along  the 
ordinary  drainage  channel,  and  was  pent  back  into  the  kteral 
depression  and  forced  up  westward  along  its  slope.  At  a  later 
stage,  the  ice-sheet  in  the  sea-basin  to  the  north-westward  was 
pil^  high  enough  to  flow  across  the  summit-ridges  of  Slieaa 
Whuallian  (p  .458)  and  South  Barrule,  and  across  the  local  ice 
which  lay  between  them ;  and  then  the  local  stream  was  gradually 
frayed  out  and  dragged,  with  its  contents,  southward  across 
the  hill-chain.  By  this  route  have  the  boulders  reached  their 
present  position  on  the  mountain;  and  consequently  they  are 
absent  or  at  any  rate  extremely  rare  (the  ground  is  firtly 
obscured  by  young  trees  and  gorse)  on  its  eastern  slope  immedi- 
ately overlooking  the  outcrop  of  the  granite  (see  map,  Fig.  98). 
From  what  has  been  elsewhere  noted  (p.  352)  it  is  clear  that  the 
bluff  character  of  this  slope  would  in  itself  have  deterred  the 
passage  of  the  boulders  even  had  the  general  movement  of  the 
ice  been  in  its  direction. 

As  to  the  question  whether  the  changes  of  direction  may  not 
represent  separate  and  distinct  stages  of  the  Glacial  Period, 
it  may  be  pointed  out  that  the  facts  are  all  consonant  with 
the  other  evidence,  in  leading  to  the  conclusion  that  from  the 
beginning  of  the  accumulation  of  local  ice  on  the  uplands  to  the 
overwhelming  of  the  Island  by  an  extraneous  ice-sheet,  and  to 
its  reappearance  on  the  shrinKage  of  the  ice  from  its  slopes, 
there  has  been  a  progressive  development  of  conditions,  without 
marked  interruption.  Changes  of  direction  of  flow  must  in  many 
localities  necessarily  have  accompanied  the  ^owth  and  wane  of 
the  ice,  and  these  seem  sufficient  to  explam  all  the  observed 
phenomena. 

Th4  OatlaTid  Granitite, — The  small  boss  of  ffranitite  with  its 
interesting  marginal  rim  of  basic  rock  whicn  is  exposed  at 
Oatland,  in  the  parish  of  Santon  (p.  320),  has  sent  a  fan-shaped 
stream  of  blocks  southward  and  south-westward,  as  shown  in  fig. 
98,  in  a  direction  corresponding  with  the  local  strife.  The 
south-eastern  fringe  of  the  principal  Foxdale  boulder-train  over- 
laps upon  this  stream  in  such  a  manner  as  to  suggest  that  the 
two  may  have  lain  at  difierent  horizons  in  the  ice ;  and  this  is 
the  more  likely  since  the  parent-rock  at  Oatland  is  400  feet 
lower  than  at  Foxdale.     In  other  respects  the  evidence  of  the 
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Oatland  boulders  is  a  repetition  of  that  of  the  Dhoon  boulders. 
(For  further  details,  see  p.  469.) 

Other  Local  Boulders. — A  dyke-rock  of  peculiar  character 
outcropping  at  Ballapaddag  Farm,  near  Ballabunt  3  miles  west 
of  Douglas,  at  an  elevation  of  300  feet  above  sea-level,  has  sent 
boulders  south-westward  up  the  slope  of  Richmond  Hill,  and 
southward  aroimd  its  shoulder.  These  boulders  rise  in  half  a 
mile  200  feet  above  the  parent-mass,  and  avoid  lower  ground  to 
the  eastward. 

In  the  sister  valleys  of  the  Baldwin  and  the  Glass  in  the 
mterior,  south  of  Snaefell  and  Beinn  y  Phott,  the  local  drift  con- 
tains boulders  ol  peculiar  actinolitic  greenstone  and  oi  quartz- 
veined  grit,  which  are  abundant  southward  up  to  the  union 
of  the  valleys.  But  while  the  drainage  depression  turns 
sharply  soutn-eastward  from  this  point,  the  boulders,  re-in- 
forced  by  others  from  a  pale  micro-granite  dyke,  rise  south- 
ward up  the  slopes  out  of  the  valley,  indifferent  to  the  local 
contours ;  and  crossing  the  dividing  ridge,  pass  down  into  the 
main  central  valley  between  Crosby  and  U  nion  Mills. 

In  every  case  there  seems  no  escape  from  the  assumption  that 
the  dispersal  of  the  boulders  has  been  effected  by  an  ice-sheet 
which  occupied  the  surrounding  sea  basin  and  covered  the  Island. 
In  no  instance  is  the  agency  of  floating  ice  adequate  to  explain 
their  distribution. 


Late-Olacial  Flood-Gravels. 

The  later  stages  of  the  Glacial  Period  in  the  Isle  of  Man  are 
marked  by  a  set  of  phenomena  which  carry  on  the  history  of  the 
episode  to  its  close,  passing  without  a  break,  insensibly  into 
the  Post-glacial  or  Sub-recent  stages. 

The  state  of  affairs  which  accompanied  the  disappearance  of 
the  ice-sheet  from  the  flanks  of  the  hills  is,  as  previously 
explained,  partly  illustrated  by  the  dry  rock-valleys  and  hy  the 
crescentic  arift-ridge  of*  the  Bride  Hills.  It  is  further  indicated 
by  the  presence  of  patches  of  re-arranged  drift,  sometimes 
stratified  and  sometimes  not,  overlying  the  till  in  places  on  the 
hill-slopes  where  stream-action  unaer  existing  conditions  would 
be  impossible.  At  the  lower  levels  this  re-arranged  material 
sometimes  forms  terraces,  which  probably  mark  the  sites  of  small 
fresh-water  lakes  temporarily  held  in  between  the  ice  and  the 
land.  One  such  lake  seems  to  have  lain  in  the  central  valley 
between  Peel  and  Greeba;  and  another  in  the  same  valley 
between  Crosby  and  Douglas.  In  the  south  of  the  Island  the 
low  ground  between  Port  Erin  and  Castletown  was  probably 
occupied  by  a  similar  lake,  which  seems  to  have  received  a  river 
from  the  westward  ice-sheet  through  the  gap  in  the  hills  at 
Fleshwick,  as  indicated  by  the  gravel  delta  spreading  out 
between  Bradda  and  Eentraugh. 

3194  A  A  2 
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In  such  basins  the  alluvial  fans  of  local  material  at  thi 
mouths  of  the  little  hill  streams  are  remarkably  large  and  out  of 
proportion  to  the  drainage  areas;  and  most  of  these  seem 
to  nave  been  deposited  while  the  lakes  still  existed.  (See 
details,  pp.  437-40,  et  Sea.) 

These  re-arranged  drifts  constitute  the  chief  part  of  the  deposits 
classed  by  Gumming  as " Diluvium"  to  distinguish  them  on  the 
one  hand  from  his  " Boulder  Clay"  and  on  the  other  from  his 
"  Drift-Gravel "  divisions.^ 

It  is  in  the  north  of  the  Island,  however,  that  these  phenomena 
are  best  displayed.  There,  in  the  great  hollow  formed,  as  sub- 
sequently explained  (p.  397),  between  the  retreating  ice-firont  and 
the  Slate  hilts,  we  have  on  the  northern  side  the  broad  grayel 
platforms  or  overwash-plains  already  described,  repi'esenting  the 
extra-insidar  drainage  from  the  ice-sheet,  and  on  the  soutnern 
side  great  flats  and  spits  of  slaty  gravel  running  out  from  the 
moutns  of  the  larger  valleys  into  the  Curragh,  which  show 
how  powerful  were  3ie  floods  from  the  land  at  this  period.  At 
the  mouths  of  Glen  Auldyn  and  Sulby  Glen  these  land-stream 
deltas  are  separated  from  the  northerly  drift-OTavel  platforms  by 
lower  tracts  of  alluvium  and  peat-bog ;  but  tne  fan  from  Glen 
Dhoo,  at  the  western  edge  of  the  hoUow,  has  coalesced  along  its 
northern  margin  with  a  low-level  drift-gravel  platform,  ana  the 
two  can  only  be  distinguished  by  their  composition  (a  dotted  line 
on  the  published  map  marking  approximately  the  limits  of  the 
slaty  gravel).  To  this  period  of  rapid  erosion  we  may  likewise 
assii^i  the  excavation  of  the  cniggy  ravines  seen  here  and  there 
in  the  upper  reaches  of  the  valleys,  where  the  swollen  streams 
in  clearmg  out  the  glacial  dibris  from  their  pre-glacial  channels 
have  temporarily  lost  their  way  and  bitten  into  the  solid  rock 
(p.  449). 

In  its  earlier  sta;2[c  the  waters  of  the  lake  which  filled  the 
northern  depression  seem  to  have  stood  at  from  80  to  100  feet 
above  present  sea-level,  though  probably  subject  to  occasional  or 
seasonal  fluctuations  of  wide  extent.  To  this  time  must  be 
assigned  the  construction  of  the  great  terrace  at  Jiirby  and  those 
fringing  the  Bride  Hills  cast  of  Andreas,  by  material  derived  in 
part  directly  from  the  waning  ice-sheet,  and  injpart  from  the  erosion 
of  the  valley  system  of  the  Bride  Hills.  Tne  discharge  of  the 
lake  at  this  stage  may  have  been  round  the  north-eastern 
shoulder  of  the  nioiiu tains  at  Ramsey,  and  thence  southward 
through  the  depression  of  Port  e  Mylfin  and  Port  Mooar  and 
along  the  south-eastern  flank  of  the  Island,  which  may  explain 
the  general  though  slight  fall  of  the  gravel  flats  towards  the  east 
With  the  further  retreat  of  the  ice-sheet  a  pass  would  be  opened 
northward  through  the  drift-ridge  at  Lagagh  Mooar  between 
Knock-e-Dooney  and  Knock-e-nean,  where  the  morainic  chain 
is  broken  for  a  space ;  but  whether  there  was  ever  any  dischaige 
in  this  direction  can  scarcely  now  be  established,  as  the  post- 

'  Quart.  Journ.  Geol.  See,  vol.  iL,  p.  341. 
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glacial  encroachment  of  the  sea  has  carried  away  the  tract  which 
m^ht  have  3delded  the  requisite  evidence. 

The  lake  was  subsequently  drained  down  to  between  40  and 
50  feet  above  present  sea-level.  At  this  level  it  remained  for 
some  time,  carving  out  a  well-defined  margin  in  the  inco- 
herent drift-material  south  and  east  of  Jurby  and  producing  a 
lower  terrace  from  the  wash  brought  down  into  it  by  small 
streams  whose  trenches,  now  mainly  dry,  furrow  the  higher 
platform  (p.  434).  By  this  time  the  ice-front  seems  to  have 
withdrawn  beyond  the  limits  of  the  Island,  and  the  waters  from 
the  lake  founci  a  passage  northward  through  the  channel  known  as 
The  Lhen,  which  forms  the  most  striking  feature  in  the  topography 
of  the  northern  plain  (see  map,  PL  I.). 

The  later  history  of  this  curious  valley  properly  belongh  to 
Post-glacial  times,  and  should  be  left  over  for  consideration  in 
the  next  chapter ;  but  the  dividing  line  between  Late-glacial  and 
Post-glacial  is  so  ill-defined  that  no  excuse  is  needed  for  carrying 
on  its  record  here.  From  its  commencement  at  the  northern 
margin  of  the  Curragh  to  its  mouth  the  valley  is  over  four  miles 
long,  cutting  in  graceful  curves  through  the  high  gravel-plateau 
ana  the  morainic  ridge  till  it  reaches  Uie  sea  at  the  nort.h- western 
an^le  of  the  Island,  three-quarters  of  a  mile  S.W.  of  Blue  Point. 
It  13  clearly  of  fluviatile  origin,  with  banks  30  to  50  feet  high 
and  a  singularly  wide  and  level  floor,  now  mostly  occupied  oy 
boggy  alluvium,  from  100  to  300  yards  across.  There  is  some 
reason  to  believe  that  it  affords  an  example  of  reversed  drainajge, 
having  probably  been  originally  one  ot  the  valleys  by  which 
the  waters  from  the  ice-n-ont  were  carried  inwards  to  the 
lake-hollow,  as  the  principal  channels  tributary  to  it  on 
both  banks  trend  southward,  and  at  their  confluence  with  it 
make  an  acute  angle  on  the  present  down-stream  side  ;  and 
moreover  its  floor  is  three  times  wider  in  the  southern  or 
prasent  up-stream  than  in  the  northern  or  present  down-stream 
part  of  its  course,  although  the  character  of  the  material  in 
which  it  is  excavated  is  the  same  throughout.  Its  south-flowing 
stream  ceased,  however,  with  the  disappearance  of  the  ice ;  and 
the  abandoned  bed  served  afterwards  as  the  main  channel 
of  the  northward-pouring  waters  of  the  lake-filled  basin  which 
on  the  opposite  side  was  fed  by  the  copious  mountain-streams 
from  Sulby  Glen  and  Glen  Dhoo.  Lastly,  as  the  climate 
became  drier,  these  sustaining  mountain-streams  shrank  until 
they  were  no  Ic.nger  able  to  surmount  the  barrier  of  their 
own  old  flood-trravels ;  and  were  thereby  dammed  out  of  the 
hollow  and  aivcrted,  the  Sulby  River  into  an  independent 
eastern  and  the  Glen  Dhoo  stream  into  an  independent  western 
course  to  the  sea.  Thus  once  more  did  the  Lhen  lose  its 
river;  and  its  broad  channel  became  a  peat-bog  until  about  150 
years  ago,  when  an  artificial  trench  was  dug  along  it  to  carry 
off  some  of  the  lowland  drainage. 

Thus  the  whole  history  of  the  Curragh  basin  shows  a  con- 
tinuitv  of  land  and  fresh-water  conditions  from  the  Glacial 
Period  to  the  present  time. 
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In  a  little  basin  Iving  between  the  north-western  flank  of 
the  mountains  at  Bisliops  Court  and  the  drift-mounds  of  Orris- 
dale,  some  of  the  nhenomena  of  the  Curragh  are  repeated  on  a 
smaller  scale.  At  Kirk  Michael,  about  a  mQe  ferther  south,  there 
is  a  larger  delta-platlorm  of  slaty  gravel,  lying  around  the 
mouth  of  Glen  Wyllin,  between  100  and  150  feet  aoove  sea-level, 
which  has  probably  been  likewise  boimded  by  drifl-mounds  to 
the  westward  until  broken  into  by  the  encroachment  of  the  sea. 

That  these  delta-gravels  were  deposited  on  land  and  not  in 
the  sea  was  clearly  proved  at  this  place.  A  well  sunk  in  1894 
at  a  new  house  50  yards  south-east  of  Kirk  Michael  Railway- 
Station,  at  an  elevation  of  about  120  feet  above  O.D.,  passed 
through  a  seam  of  peaty  material  at  a  depth  of  15  feet  fix)m 
the  surface,  overlain  and  underlain  by  the  slaty  gravel.  Some  of 
this  peaty  bed,  sent  to  Mr.  Jas.  Bennie  (of  the  i:MX)ttish  Survey) 
for  treatment,  yielded,  under  his  skilled  manipulation,  tne 
remains  of  the  little  Arctic  fresh-water  crustacean  Lepidurus 
(Apus)  gUicialis,  which  lives  now  in  icy  pools  around  the 
glaciers  of  Norway  and  Spitzbergen.  This  organism  had  pre- 
viously been  detected  by  Mr.  Bennie  in  fresn-water  deposits 
of  Late-glacial  age  in  three  locaUties  in  Scotland,  viz. :  Hailes, 
Corstorpnine,  and  Dronachy,^  but  had  not  hitherto  been  found 
so  far  south  in  the  British  Isles.  Among  other  remains  asso- 
ciated with  this  crustacean  were  the  leaves  and  seeds  of  plants, 
including  an  Arctic  willow  {Salix  herbacea)  and  an  Arctic  sedge.* 
I  am  indebted  to  my  colleague,  Mr.  Clement  Reid,  for  the  fol- 
lowing list,  based  on  the  material  prepared  by  Mr.  J.  Bennie : — 

Fomh  from  peat  a'nd  silt  in  platform-gravel  near  Kirk  Michael  Statum. 

Flowering  Plants.  Mosses.* 

Ranunculus  aquatilis,  L.  Philonotis  fontana,  L. 

Viola  (palustris  1),  L.  Hypnum  cuspidatum,  L. 

Potentilla  Comarum,  NestL  Pogonatum  alpiniun  ?  L. 

Hippuris  vulgaris,  L.  Poljrtrichum  juniperinuni,  Willd. 

Menyanthes  trifoliata,  L.  Gnmonia  sp. 
Salix  herbacea,  L. 

Potamogcton  sp.  Lepidurus  (Apus)  glacialis,  Kroeytr, 

Eleochaiia  palustris,  R.  Br.  Daphne. 

Carex  ali)ina,  Sto?  Insect  remains  (undetermined). 
Carex  (giauca  ?) 

Regarding  the  conditions  under  which  this  bed  was  accumu- 
lated Mr.  Reid  notes  "  the  peat  is  not  lacustrine,  but  was  evi- 
dently formed  in  a  slack.  Three  of  the  plants  (Ranunculus 
ciquAitilw,  Hippuris  vulgaris,  and  Potamogeton)  though  perhaps 
most  often  aquatic,  have  all  bog  varieties.  The  others  pomt 
definitely  to  .a  spongy  bog." 

*  See  Annual  Keport  of  the  Director-General  of  Qeol.  Survey  for  1894,  p- 
287  ;  and  J.  Bennie,  Annals  of  Scottish  Nat.  Science  for  Jan.  1895,  p.  66. 

*  Ann.  Rep.  of  the  Geol.  Survey  for  1895,  p.  13. 
^  Determined  by  Mr.  C  B.  Clarke. 

*  Determined  by  Mr.  W.  Mitten,  who  remarks, "  nothing  to  denote  differ- 
once  of  climate." 
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The   same  arctic  freshwater  fauna  has  since  been  found  in  a 
small  hollow    on  the    plateau   of  slaty  gravel    at   the  mouth 
of  Glen  Dhoo,  bordering  the  western  Curraeh  one  mile  east  of 
Ballaugh,  at  an  altitude  of  70  feet  above  sea  level.     At  this  place 
the  generally  plane  surface  of  the  gravel  is  broken  by  a  group  of 
nine  or  ten  curious  shallow  depressions,  the  larger  occupied  by 
water-pools,  the  smaller  dry,  ranging  from  20  yards  or  less  to 
150  yards  in  diameter.     These  pits  have  no  outlet  and  are  not 
connected  with  the  surface-drainage.    They  apparently  date  back 
to  the  time  of  the  deposition  of  the  gravel,  and  may  perhaps 
represent  the  melting  out  of  buried  masses  of  ice,  in  which  case 
they  might  be   considered  small  *  kettle-holes ' ;   or  they  may 
only  mark  eddies  where  the  stream-waters  pour^  into  the  lake. 
Though  not  altogether  confined  to  this  one  locality,  they  are 
nowhere  else  so  clearly  developed  (see  p.  438).     Most  of  them 
contain  more  or  less  alluvium,  and  those  which  still  hold  water- 
pools    must    have    been   continuously  m  this  condition  since 
their  formation.     Their  freshwater  deposits  may  therefore  range 
from  Late-glacial  times   to   the    present   day.      Early   in    the 
nineteenth  century  large  numbers  of  bones  of  Irish  elk  were  ob- 
tained from  marl-pits  in  these  hollows  ^p.382);  and  with  the  object 
of  investigating  the  conditions  under  which  thase  remains  occurred, 
a  British  Association  Research  Committee  was  appointed  in  1896 
to  co-operate  with  a  local  committee  which  haa  previously  been 
formea ;  and  under  their  joint  auspices  excavations  were  made  in 
the  hollow  known  as  Loughan  Ruy,  on  the  farm  of  Ballaterson, 
950  yards  E.N.E.  of  Ballaugh  Church.     The  following  extracts 
from    the  reports  of  this  Committee  give  the    results   of  the 
investigation^ : — 

Section  at  Laugkan-ruy,  Ballaterson^  BcUlaugh. 

Thickness 

of  bed. 

Ft  in. 

A.  Peat 16 

B.  Sand,  yellow 10 

C.  Sandy  silt,  grey  (with  ScUix  herbacea 

and  Leptdurus  (Aptu)  glactalis)         -  2    6 

D.  Loamy  peat  -----  0    8 

E.  Gravel 10 

F.  Marie  Chara  Marl')    -        -        -        -  0    4 

G.  Sharp  sand  and  gravel         -        -        -  0    6  and  more. 

Depth  excavated  -        -        -        7    6 

The  following  8p3cie3  of  planti  and  animals  were  obtained  on  washing 
samples  of  the  deposits  : — 

Bed  A, 
Ranunciilas  Flammula,  L,  Rydrocotyle  vulgaris,  L. 

Potentilla  Tormentilla,  L.  Potamogeton,  sp. 

Also  caddis  cases  and  eggs  of  insects. 

The  plants  are  all  common  Isle  of  Man  species. 

*  See  Reports  by  the  Secretary,  Mr.  P.  M.  C.  Kermode,  in  Reps.  British 
Assoc,  for  1897.  p.  346,  and  for  1899,  p.  376.  The  plants  were  determmed  and 
reported  upon  by  Mr.  C.  Reid  from  material  prepared  by  Mr.  J^.  Bennie. 


376  The  Olagial  Depobttb  "'"'  ^ 

BedC. 

Ranunculus  aquatilis.  L,  Moss. 

Poterium  officinale,  nook, 

Salix  herbacea,  L,  Lepidurus  (Apus)  glacialis,  Kroe^. 

Carex,  sp. 

Schoenus  ?  Daphne  (winter  eggsX 

Numerous  leaves  of  the  dwarf  Arctic  willow  Salix  herbacea  and  fragmenti 
of  the  Arctic  crustacean  Lepidwus  glacialisy  neither  of  them  now  liying 
in  the  Isle  of  Man,  point  to  climatic  conditions  considerably  more  severe 
than  those  now  holdmg  in  the  district 

BedD. 

Ranunculus  aauatilis.  L,  Potamogeton  crispus,  Z. 

„  Flammula,  L.  Carex. 

,  repens,  L.  Chara. 

Littorella  lacustris,  L,  Beetle  (elytron). 

The  plants  are  widely  distributed  species  still  living  in  the  Isle  of  M«i. 
Littorella  is  usually  northern. 

Bed  F, 

Ranunculus  aquatilis,  L.  Carex. 

„  Flammula,  L.  Chara,  2  sp. 

„  repens,  L. 

Littorella  lacustris,  Z.  Lepidurus  glacialis,  Kroey, 
Empetrum  nigrum,  L.  (A  single  specimen.) 

Potamogeton  natans,  L. 

„  sp.  Insect  remains. 

This  marl  thus  far  has  yielded  nothing  to  indicate  the  climatic  conditions 
except  the  single  specimen  of  Lepidurus  glacialis  which,  as  Mr.  Reid  points 
out,  may  x>08sibly  nave  been  introduced  from  the  higher  bed,  where  it  is 
abundant.  The  absence  of  arboreal  vegetation  seems,  however,  to  indicate 
a  severe  climate. 

In  a  later  exploration  of  the  same  site  (described  by  Mr.  Kermode  in 
Rep.  Rritish  Assoc,  for  1900,  p.  349)  a  trench  was  cut  in  a  deeper  part  of 
the  basin,  a  few  yards  north-west  of  the  section  above  described,  and 
showed  a  considerable  thickening  of  all  the  beds,  besides  yielding  traces  of 
the  elk  both  in  the  silt  and  in  tie  marl.  The  following  is  quoted  from  Mr. 
Kermode's  rejwrt  :— 

*  In  the  peat  [A],  which  extended  from  the  surface  to  a  depth  of  3  feet^ 
were  several  pieces  of  timber,  the  largest  being  about  15  inches  diameter  at 
the  root':  this  bed  rested  upon  silt  [C],  which  extended  to  a  further  depth  of 
7  feet.  It  varied  slightly  m  different  parts,  here  more  sandy,  there  more 
loamy,  but  was  really  all  one  bed,  the  bottom  of  which  consisted  chiefly  of  snudl 
flat  water-worn  stones.  At  a  depth  in  this  bed  of  6  feet,  that  is  to  say, 
about  9  feet  from  the  surface,  was  a  layer  of  leaves  about  half  an  inch  thicL 

In  this  layer,  on  the  south-east  side  of  the  trench,  about  3  yards  from  its 
south-west  end,  was  found  a  fragment  of  antler,  thickly  covered  with  the 
blue  phosphate  which  appears  to  be  confined  to  this  leaf-deposit.  All  around 
it  were  minute  decayed  fragments  of  bone  or  antler. 

Three  or  four  vards  away,  at  a  depth  of  10  feet  from  the  surface,  being 
about  3  inches  from  the  white  marl  bed,  but  distinctly  in  the  .<*ilt,  was 
another  fragment  of  antler  :  this  was  in  the  north  west  side  of  the  trench, 
and  about  a  yard  from  its  south-west  end. 

The  marl  [F]  was  struck  at  a  depth  of  10  feet  to  10  feet  3  inches ;  and  at 
A  point  from  9  to  12  inches  within  it,  that  is  to  say  about  11  feet  below  the 
present  surface,  there  was  still  another  antler  fragment,  some  3  yaidb  fur- 
ther south-east  than  the  last,  in  the  south-west  end  of  the  trench.  Immedi- 
atelv  below  this  the  marl  was  bluish  black,  exactly  as  it  was  round  the  head 
of  the  skeleton  found  near  St.  John's  (Close-y-Garey).  This  darkened  marl 
was  from  9  to  10  inches  thick,  and  extended  over  an  area  from  the  aooth- 
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west  end  of  the  trench  of  about  3  feet  square.    All  through  it  were  crumbs 
of  decayed  bones,  doubtless  Irish  Elk/ 

'  The  foUowing  paragraph  was  added  to  our  last  [1899]  report  after  it 
was  in  type,  and  the  bone  in  question  exhibited  at  our  Dover  meetin^^  but 
by  some  accident  it  was  omitted  from  the  report  as  published,  so  we  msert 
it  here.  *  At  a  depth  of  about  nine  feet  below  the  surface  at  the  bottom  of 
the  silt  (Bed  C  of  our  first  report),  and  just  above  the  white  Chara-marl, 
were  found  two  fragments  of  bone,  which  were  forwarded  to  our  Chairman 

SProf.  W.  Boyd  Dawkins],  who  has  identified  one  as  the  scapula  of  Bos 
ongifronsy  and  in  a  letter  to  the  Secretary  adds :  "  This  establishes  the 
presence  in  the  island  of  an  animal  which  was  domesticated  and  introduced 
into  the  British  Isles  in  the  Neolithic  age.  It  proves  that  this  deposit  in 
which  it  occurs  is  not  earlier  than  the  Neolithic  age." '  [See  foot-note^] 

In  the  above  excavations  only  fragmentary  relics  of  the  Irish 
Elk  were  discovered ;  but  the  study  of  the  old  records  leaves 
no  doubt  that  the  fine  specimens  previously  obtained  from  this 
place  were  found  in  the  Chara-marl,  F,  which  was  much 
thicker  towards  the  middle  of  the  hollow  where  the  old  pit 
was  worked.  In  later  researches  carried  on  by  the  same  Com- 
mittee at  another  locality,  as  presently  to  be  described,  a  good 
skeleton  of  the  elk  was  unearthed.  There  has  been  much  dis- 
cussion respecting  the  age  of  the  elk-bearing  deposits  in  Ireland 
and  their  exact  relation  to  the  Glacial  Period ;  and  as  the  Irish 
sections  appear  to  be  closely  analogous  to  those  of  the  Isle  of 
Man,  the  discovery  of  arctic  remains  in  the  above  section,  in  a 
bed  overlying  that  which  yielded  the  elk,  is  of  wide  interest. 

We  may  therefore  profitably  devote  a  few  pages  to  the  dis- 
cussion of  the  previous  records  of  the  occurrence  of  Cervua 
giganteuB  in  the  Isle  of  Man,  and  to  their  comparison  with  the 
results  of  the  recent  investigations. 

Cervus  giganteus  in  the  Isle  of  Man. 

Since  the  discovery  of  the  first  nearly  complete  skeleton  of 
the  Irish  Elk  in  a  marl- pit  near  Ballaugh  early  in  the  present 
century,  the  Isle  of  Man  has  been  recognised  in  geological 
literature  as  one  of  the  typical  localities  for  the  occurrence 
of  this  animal.  Curiously  enough  this  is  the  only  Pleistocene 
vertebrate  yet  definitely  proved  to  have  existed  in  the  Island, 
though  a  drifted  fragment  of  elephant's  tusk  has  been  found 
at  Jiurby  (p.  423)  and  another  fragment  supposed  to  be  a  cetacean 
rib  is  mentioned  by  Gumming  *  as  having  been  obtained  from 
the  drift  at  Douglas,  and  there  are  doubtful  records  of  the  red 

'  With  regard  to  the  last  quoted  paragraph,  however,  we  may  be  permitted 
to  state  that  it  is  doubtful  whether  the  Done  in  question  should  be  assigned 
to  Bos  limgifrotis,  Mr.  E.  T.  Newton,  of  the  ralaeontological  Department 
of  the  Survey,  has  examined  the  specimen  since  the  report  was  written,  and 
is  of  opinion  that  it  more  probably  belongs  to  an  immature  individual  of 
Cervus  ffiganteus ;  and  the  presence  of  fragments  of  antlers  in  the  same  bed 
lends  support  to  this  opinion.  At  any  rate  the  evidence  is  at  present  in- 
sufficient to  justify  tiie  conclusion  drawn  by  Prof.  Dawkins  as  to  the  age  of 
the  deposit 

*  Isle  of  Man,  p.  360. 
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deer  and  horse  (p.  384)  and  of  Bos  longifroixs  (p.  377).  The  elk- 
remains  have  oeen  found  in  four  or  five  localities  oeIv, 
apparently  always  in  the  smaller  boggy  basins,  and  never  in  tlie 
broad  Curragh  although  much  draining  and  peat-cutting  has 
been  done  there. 

The  earliest  reference  to  these  remains  which  has  come  under 
our  notice  is  by  J.  Feltham  in  his  "  Tour  through  the  Isle  of 
Man,"   published   in   1798,  where   he  mentions   (p.  205)  that 
bones  of  "  elks,  or  seghs,"  found  near  St.  John's,  were  ^own  to 
him  by  Rev.  Mr.  Corlett.    "  The  horns  measure  9  feet  bom  tip 
to  tip,  and  from  other  bones,  conjecture  is  warranted  to  suppose 
the  animal  must  have  been  17  teet  high."    Woods  (1811)  also 
records  this  specimen  (p.  13).     It  must  nave  been  an  earUer  find 
than  the  first  one  mentioned  by  Mr.  P.  M.  C.  Kermode  in  his 
recent  account  of  the  local  history  of  the  subject,  which  is  of  a 
head  and  antlers  ''  found  in  a  marl  pit  in  the  parish  of  Ballangh 
in  June,  1815."    The  latter  discovery  may  be  the  one  mentioned 
by  Train  in  his  "  History  of  the  Isle  of  M!an  "  (1845),  who  stated, 
probably  incorrectly,  however,  that  the  specimen  was  from  "the 
extensive  morass   called  the   Curragh."    "Another  discovery— 
the  date  not  recorded — was  that  of  a  skeleton  found  in  a  marl 
pit  on  Ballaterson  Mooar,  Ballaugh,"  ^  the  head  and  antlers  of 
which  are  now  in  King  William's  CoU^e  at  Castletown. 

The  first  scientific  reference  to  these  elk-remains  appeared  in 
a  letter  on  Phosphate  of  Iron,  by  J.  Murray,  dated  May  19th, 

1818,  which  was  published  in  "  Annals  of  Philosophy  "  for  that 
year  (vol.  xii.,  p.  147).  Mr.  Murray  described  the  occurrence  of 
Dones  of  elk  in  a  bed  of  shell-marl  overlain  by  peat  on  the 
farm  of  '  Ballatesin,'  Ballaugh,  and  of  a  blue  earthy  mineral, 
supposed  to  be  phosphate  of  iron,  on  the  horns  and  in  the  peat- 
eartn.  He  also  stated  that  chips  of  flint  were  found  in  the 
marl,  a  circmnstance  not  mentioned  by  any  later  observer. 

The  more  celebrated  discovery  was  made  in  the  adjacent 
hollow  of  Loughan  Ruy  in  1819,  of  which  Henslow  gives  the 
following  account^ : — "  Whilst  I  was  in  the  island,  in  August, 

1819,  two  heads  with  the  branches  and  a  vast  number  of  bones 
were  dug  up  in  the  finest  preservation.  An  ingenious  black- 
smith in  the  neighbourhood,  taking  the  skeleton  of  a  horse  for 
his  model,  has  contrived  to  put  together  these  bones  vrith  great 
accuracy,  and  form  a  skeleton  in  which  the  only  parts  wanting 
are  the  half  of  one  hoof  and  the  end  bones  of  the  tail  It  has  a 
most  magnificent  appearance,  stands  6  feet  6  inches  to  the  top 
of  the  back,  and  13  feet  to  the  top  of  the  horns."  The 
*  ingenious  blacksmith '  seems  however  to  have  used  his  equine 
model  rather  freely,  making  up  from  it  the  parts  which  were 
wanting  in  the  elk  skeleton.^ 

*  P.  M.  C  Kermode.    Yn  Lioar  Manninagh,  vol.  iiL,  pt.  viiL,  pi  395. 

*  Trans.  Geol.  Soc.,  vol.  v.  (1821),  p.  502,  footnote.  Short  notices  of 
this  discovery  were  also  given  anonymously  in  the  Edinburgh  Philoaophical 
Journal  for  1821,  vol.  v.,  p.  227,  and  for  1823,  vol  viii.,  p^  198. 

'  Kermode,  op.  cit.,  p.  397. 
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'^hen  completed,  this  specimen  was  exhibited  for  payment 
Lewish  on  behalf  of  himself  and  James  Taubman,  the  tenant 
16  field,  but  was  then  claimed  by  the  Duke  of  Athol  as  Lord 
he  Manor ;  and,  after  a  law  suit,  an  agreement  was  made  by 
^h  the  elk  came  into  the  Duke's  possession,  and  was  by  him 
ented  to  the  Museum  of  the  University  of  Edinburglf.i  This 
eton  was  figured  by  Cuvier  in  his  "Ossemens  Fossiles," 
L  iv.,  pi.  8,  and  p.  82),  from  an  engraving  transmitted  to 
by  Prof.  Jamieson.*  Regarding  this  figure  Dr.  Traquair 
iS  (m  a  letter  to  Mr.  Kermode  quoted  in  a  footnote  in  Yn 
j:  Manninagh,  vol.  iii.,  pi.  viii.,  p.  397),  "  I  found  when  I  took 
e  in  the  Museum  that  the  pelvis  in  the  skeleton  was  that  of 
mmon  lurrse^which  I  accordingly  had  replaced  by  the  pelvis  of 
eal  Irish  elk  from  Ireland.  .  .  .  This  (Cuvier's)  figure 
esents  the  skeleton  exactly  as  it  was  before  I  had  it  altered 
replacing  the  horse  pelvis  with  one  of  the  Irish  elk,  and 
ag  a  proper  curve  to  the  vertebral  column,  which  was 
•lutely  straight  in  the  dorsal  and  lumbar  regions." 
enslow  gave  a  description  of  the  section  in  which  the  bones 
)  foimd,  which  may  be  tabulated  as  follows : — 

At  the  top ;  *  turf  and  vegetating  matter '  -     -    1  or  2  feet. 

*A  kind  of  peat,  composed  of  rotten  leaves  and  ^ 
small  branches  closely  matted  together,  mixed 
with  sprinkles  of  sand,  and  containing  a  vast 
number  of    the  exuvi^  p{  beetles,  bees   and 
their  nests,  crushed  together  with  seed-vessels, 
rotten,  but  having  their  external  coating  well    ai^^  *  n  x 
preserved.     ...     In     general     the     hard  '^-^^^^'^  IJ  leet. 
wings  are  the  only  parts  of  the  beetles  which 
are  preserved,  and  these  are  in  appearance  as 
fresh  as  on  a  living  insect.     Dr.  Leach  was 
enabled  to  identify  a  few  with  species  at  present 
existing  in  England.' 

*  A  bed  of  sand  of  a  light  colour '         .        .        .    g  feet. 

The  marl     ....     white   or  ^eyish,    and' 
the  fracture  resembles  that  of  a  highly  decom- 
posed peat,  converted  to  a  loose  earthy  cal- 
careous substance,  and  through  it  are  dispersed 
in  every  direction  the  traces  of  small  branches     -j^     ,  .  , 
and  roots,  which  pjartake  of  the  character  of  the  j.  ^^  tnickness 
mass.   When  dry  it  does  not  become  indurated,  stated, 

but  is  easily  reouced  to  a  powder  between  the 
finders.  Native  phosphate  of  iron,  in  an  earthy 
and  pulverulent  state,  is  sometimes  found  in 
contact  with  the  bones.' 

he  section  was  again  described  a  few  years  later  by  H.  R. 
^ald,  in  a  letter  dated  May  29th,  1824,  addressed  to  the  Bishop 
he  Island,  which  was  printed  as  an  appendix  to  a  paper  on 
discovery  of  the  elk  by  Dr.  S.  Hibbert  in  the  "  Eoinburgh 
mal  of  Science,"  vol.  iii.  (1825),  p.  28.     Oswald  gives  a  rough 

*  Kermode,  op.  cit.  p.  398,  and  Yn  Lioar,  vol.  i.,  No.  1,  pp.  23-4. 

*  Camming,  Isle  of  Man,  p.  214. 
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diagrammatic  section  across  the  basin  to  show  the  thirming 
away  of  the  deposits  on  both  sides,  of  which  the  following  is  a 
copy.  The  differences  between  this  section  and  that  of  Henslow 
on  the  one  hand,  and  that  exposed  in  the  recent  excavation  by 
the  British  Association  Committee  on  the  other,  are  readily  ex- 
plained by  this  diagram. 


Bottom  of  Lake 


Peat,  4  to  6  feet 


White  Sand,  3 


,11  to  14  feet 


Oswald  seems  to  have  been  the  only  observer  who  had  the 
opportunity  to  examine  the  thicker  portion  of  the  deposits.  He 
states :  "  The  superficial  stratum  is  peat  of  excellent  quality,  light 
and  fibrous,  and  containing  a  few  trees  of  bog-timber.  It  is 
6  feet  thick  in  the  middle  part  of  the  morass,  but  passes  out  thin, 
into  a  black  peaty  turf  towards  the  margin."  [CJompare  Bed  A. 
of  section  on  p.  375.]  **  Between  it  and  the  marl,  a  layer  of  line 
bluish-white  earthy  sand  is  interposed,  from  2  to  3  feet  in 
thickness."  [Compare  Beds  B,  C,  D  of  section  on  page  375.] 
"  The  marl  lies  at  a  depth  of  from  7  to  10  feet  at  the  middle  parts 
of  the  pit,  but,  like  the  peat,  becomes  thin  at  the  margin,  and 
passes  out  when  within  a  foot  and  a  half  of  the  black  till  which 
lornis  the  surface  crust.  Nearly  one-half  of  this  deposit  has 
been  worked  during  dry  seasons,  but  I  have  never  seen  the  pit 
completely  drained  of  its  water.  According  to  the  calculation  of 
the  workmen,  the  bed  of  marl  in  the  midole  parts  of  it  is  from 
11  to  14  feet  thick,  independent  of  the  layers  of  turf  and  sand 
which  I  have  noticed.  When  the  workmen  penetrate  at  any 
time  through  the  marl  the  pit  is  suddenly  inundated  by  water 
springing  up  from  below,  from  the  sand  and  gravef  which 
form  the  subsoil.  This  marl  is  highly  fibrous,  and  somewhat 
laminar  in  its  structure,  and  when  dry  is  as  light  and  nearly  as 
white  as  chalk.  The  shells  are  delineated  white  upon  a  darker 
ground,  and  nre  seen  by  separating  the  fibrous  layers,  but  are 
seldom,  if  ever,  found  in  their  original  state.  I  question  much 
whether  shells  exist  in  all  parts  of  the  basin,  certamly  not  at  its 
margin."  [From  tills  it  appears  that  the  conspicuous  absence  of 
shells  in  the  marl  of  the  recently-opened  section,  and  from  that 
described  by  Henslow,  is  characteristic  only  of  the  margin  of  the 
hollow.]  "  In  this  basin  viist  quantities  of  bones  of  the  large 
species  of  elk  are  found.  The  workmen  have  constantlv  met 
with  them  since  the  first  opening  of  the  pit,  and  therefore  con- 
clude that  an  incalculable  nuniber  still  remains.  These  bones 
occur  at  all  depths  of  the  marl.  At  and  towards  the  surface  of  it 
the  bones,  like  the  shells,  are  merely  delineations  of  what  they 
once  were,  \vith  little  or  no  difference  in  consistence  firom  the 
mass  in  which  they  are  contained,  and  theVefore  will  not  bear 
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handling ;  in  the  bed  of  sand  above  the  marl  all  vestiges  of  them 
disappear.  The  deeper  these  elks  are  in  the  marl  the  more  fresh 
and  perfect  they  seem,  and  near  the  bottom  of  the  bed  com- 
plete heads  are  found.  They  sometimes,  though  very  seldom, 
are  observed  imbedded  partially  in  the  gravel  below.  Those  in 
the  marl  are  generally  charged  with  calcareous  matter,  yet  I  have 
frequently  seen  the  thick  part  of  the  stem  of  the  horns  so  un- 
changed as  to  admit  of  bemg  worked.  The  hog-tiiiiber  is  in  this 
instance  solely  confiried  to  tfte  peat  on  the  sv/rface"  [Italics  not 
the  author's.] 

Oswald  next  describes  the  conditions  under  which  the  Edin- 
burgh specimen  was  obtained  and  put  together.  He  then 
notices  other  "basins  of  white  marl  in  which  no  shells  now 
appear.  These  he  lower  down  the  plain,  nearer  the  deposits  of 
common  clay-marl "  [glacial  clays].  "  In  one  of  these  basins, 
distant  upwards  of  a  quarter  of  a  mile  from  that  described  " 
[probably  that  at  Baliaterson  Mooar,  or  Dollagh  Mooar  of 
Ordnance  map,  alluded  to  by  Mr.  Kermode],  "  the  marl  lies  at 
a  depth  of  trom  4  to  6  feet  onlv,  being  covered  by  a  hard, 
sandy,  blackish  earth.  The  field  in  wnich  it  is  situated  is 
crusted  over  with  wet  soil.  Before  the  surface  of  this  basin 
was  broken  up,  it  had  a  thin  layer  of  turf  upon  the  middle  or 
deepest  part  of  it,  but  there  is  none  now  to  be  seen.  Between 
the  alluvial  covering  and  the  marl  there  is  a  bed  of  dark 
turfy,  fibrous  earth,  from  2  to  4  inches  thick,  each  horizontal 
layer  showing  different  degrees  of  shade.  The  marl  is  darkest 
near  the  top,  continuing  thus  to  a  depth  of  18  inches.  In  this 
upper  part  of  the  marl  sUght  veins  or  rents  occur.-  This 
inarl  is  also  fibrous,  and  somewhat  slaty,  and  exhibits  be- 
tween its  layers  white  delineations  like  grass.  It  likewise  con- 
tains bones,  but  they  are  few  in  number,  and  much  decayed; 
ot  these  are  pieces  of  ribs,  condyles  of  bones,  and  stems  of 
large  horns,  etc.  This  deposit  of  marl,  though  near  the 
surface,  and  in  a  field  almost  level,  is  basin  shaped,  like  that 
last  described,  varying  in  depth  from  7  to  10  feet  in  the  middle, 
and  passing  out  to  the  thinness  of  a  few  inches  at  the  margin." 

The  basm  last  mentioned  is  probably  that  at  the  margin  of 
which  Dr.  Hibbert  saw  a  section  which  he  describes  ^  as  showing, 
at  the  base,  3  feet  of  marl  mixed  with  sand  and  small  pebbles 
of  clay-slate  and  quartz ;  covered  by  1  foot  of  the  same  substance 
mixed  with  more  sand  and  containing  some  Uttle  vegetable  matter ; 
above  which  was  1  foot  of  sand  mixed  with  white  quartz  pebbles ; 
then  6  inches  of  drift  peat,  6  inches  of  black  mould,  and  over  the 
whole  a  thinner  coat  of  drift  peat. 

.  Dr.  Hibbert  illustrated  his  paper  by  a  figure  and  measurements 
of  a  skull  and  antlers  at  that  time  in  the  possession  of  Dr. 
Burman  of  Douglas  (op.  cit.,  PI.  II.,  fig.  1);  this  specimen,  Mr. 
Kermode  thinks,  may  oe  the  specimen  afterwards  acquired  by 
J.  F.  Campbell  of  Islay ;  but  the  measurement  of  the  Islay  antlers 

'  Edinburgh  Journal  o^  Science,  vol.  iii.  (1825),  p.  27. 
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seems  to  indicate  a   smaller   example  than   that  figured  by 
Hibbert^ 

In  another  commmiication  on  the  subject  in  the  same  volume 
(p.  129)  Dr.  Hibbert  suggests,  on  the  authority  of  Dr.  Bunnin, 
ttiat  a  second  species,  "  apparently  of  the  present  race  of  elks 
which  inhabit  the  north  ot  Europe,"  occurred  in  the  marl  of 
Ballaugh ;  but  the  evidence  is  altogether  insufficient,  since  the 
antler  figured  (PL  IL,  fig.  3)  in  support  of  his  view  was  not  the 
actual  horn  found  at  Ballaugh  "  but  that  of  a  recent  animal  of 
the  same  kind  from  Norway,"  in  Dr.  Burman's  possession,  which 
was  thought  exactly  to  resemble  it,  the  discoverer  of  the  fossil 
not  being  willing  to  part  with  it. 

Gumming,  who  found  the  original  sections  no  longer  accessible^ 
was  at  first  of  opinion  that  the  elk  belonged  to  the  later  portion  of 
Post-glacial  times,^  but  afterwards  changed  his  views,  stating 
that ''  on  closer  examination  I  find  good  reason  for  concluding  that 
the  white  marl  [of  Ballaugh]  is  .  .  perhaps  more  ancient 
than  the  Jurby  marl,  though  this  is  apparently  an  alluvium 
older  than  the  forests  of  wnich  the  remains  are  found  in  the 
Curragh."8 

Edward  Forbes  (who  was  a  Manxman  by  birth,  and  spent  ^ 
of  his  youth  at  Ballaugh),  in  discussing  the  elk  in  his  classical 
memoir  "  On  the  Geological  Relations  of  the  Existing  Fauna  and 
Flora  of  the  British  Isles,"  expressly  states  that  the  basins  of 
fresh-water  marl  in  which  the  Dones  were  foimd  were  "  distinctly, 
both  in  the  Isle  of  Man  and  Ireland,  overlaid  by  the  peat,  witn 
its  ancient  included  forests,"  and  he  illustrated  this  arrangement 
by  a  diagram  representing  the  Ballaugh  section.* 

Thus  these  old  records  show  clearly  that  none  of  the  Ballaugh 
elk-remains  were  found  in  the  forest-peat,  but  all  in  the  loww 
marl,  which  was  separated  from  the  peat  by  a  bed  of  sand 
Equally  clear  is  it  that  this  sand  represents  the  horizon 
of  the  recently  discovered  Arctic  remains  of  the  Loughan 
Ruy  section  given  on  p.  375,  as  will  be  recognised  on  coniparinff 
this  section  with  those  described  by  Henslow  (p.  379)  and  Oswald 
(p.  380). 

These  Ballaugh  hollows  are  in  a  porous  substratum  of  gravel, 
but  are  close  to  the  margin  of  the  Curragh,  and  would  all  be 
filled  with  percolating  water  when  that  area  was  a  fresh-water 
lake.  Further  investigation  is  reauired  to  decide  whether 
the  accumulation  of  marl  was  stopped  in  Loughan  Ruy  by  the 
gradual  silting  up  of  the  pool,  or  whether,  as  has  been  suggested, 
it  may  have  ceased  upon  a  change  of  cUmatic  conditions.^  The 
sand  and  gravel  overlying  the  marl  were  evidently  washed  in 
from  the  margins;  and  probably  in  part  represent  the  shore- 


*  Yn  Lioar  Manninagh,  op.  cit.,  p.  398. 

*  Quart.  Jouni.  Geol.  See.,  vol.  li.  (1846),  p.  344. 
'  "  Isle  of  Man  "  (1848),  p.  216,  foot-note. 

*  Memoirs  of  the  Geologic  il  Survey,  vol.  i.  (1846),  p.  394. 

*  See  Report  of  Irish  Elk  Committee,  Britisn  Assoc.  Rep.  for  1897,  p.  347. 
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deposits  of  the  pool  synchronous  with  the  marl  and  peat  of  the 
middle  of  basin. 

We  wiD  now  turn  to  another  well-known  locality  where  the  elk 
has  been  found  in  the  Island.  Hibbert  (op.  cit,  p.  17)  men- 
tioned that  "  about  a  mile  to  the  north-west  of  the  Tjnwald  Hill, 
at  a  short  distance  from  the  Peel  [Neb]  River,  there  is  a  low 
marshy  piece  of  ground  from  which  large  quantities  of  shell 
marl  have  been  procured,  .  .  .  and  in  this  marl  numerous 
bones  of  the  elk  have  been  observed  in  an  imbedded  state. 
.  .  .  The  shell  marl  .  .  .  is  of  a  milk-white  colour,  also, 
when  dried,  very  light  and  porous.  All  the  shelly  portions  are 
in  such  a  comminuted  state,  and  so  mixed  up  with  clay  and 
sand,  that  I  could  not  find  a  specimen  in  which  the  organic 
structure  of  the  animals  to  which  the  marl  owes  its  origin  was 
preserved."  [Later  researches  have  shown  this  to  be  a  *  chara- 
marL']  "The  bones  of  the  elk  are  said  to  be  found 
about  6  to  10  feet  deep  in  this  marl,  and  mixed  along  with  them, 
particularly  in  the  more  superficial  strata,  are  the  remains  of 
numerous  aquatic  plants,  as  of  willows,  ferns,  reeds,  etc.,  indicative 
of  the  ancient  marshes  which  succeeded  to  the  levelling  of  the 
land,  and  to  which  the  elks  appear  to  have  resorted.     In  the 

upper  beds  the  calcareous  matter  gradually  lessens 

A  stratum  of  sand,  the  pure  and  nearly  unmixed  debris  of  the 
neighbouring  hills,  is  superjacent  to  the  shell-marl,  while  a  com- 
paratively modem  bed  of  peat  covers  the  whole." 

Gumming  also  refers  to  this  locality;^  and  Mr.  Ken  node  had 
collected  information  as  to  specimens  found  here.^  It  was 
therefore  selected  as  a  site  for  further  exploration  by  the  British 
Association  Committee,  with  the  result  tnat  a  large  and  nearly 

Sirfect  skeleton  was  exhumed  in  1897.  Through  the  enei^  of 
r.  Kermode  this  tine  specimen  has  been  carefully  restored  and 
mounted,  and  is  now  preserved  in  Castle  Rushen  at  Castletown. 
The  conditions  under  which  it  occurred  resemble  in  most 
respects  those  at  Ballaugh.  An  uneven  platform  of  sandy  and 
graveWy  glacial  deposits,  extending  inland  from  Peel  to  the  foot 
of  the  mountains  (pp.  457-8),  is  broken  towards  its  southern  margin 
by  several  little  oasins.  From  these  basins  small  valleys  lead 
southward  to  the  broad  hollow  drained  by  the  Neb  between  St. 
John's  and  Glenfabn,  which  has  wide  gravel  terraces  on  both 
sides,  and  appears  to  have  been  occupied  by  a  lake  in  late- 
glacial  times  (p  .410).  The  site  of  the  excavation  was  at  the  south- 
western side  of  the  Close-y-Garey  basin,  on  the  eastern  side  of 
the  railway  line  400  yards  south-west  of  the  farmstead  of  Breck- 
y-Broom  (6-inch  Sh.  9).  As  reference  to  the  geological  one-inch 
map  will  show,  this  little  irregular  basin,  about  200  yards  long  by 
40  to  100  yards  wide,  is  only  separated  from  another  somewhat 
larger  depression  to  the  eastward  bv  an  esker-like  ridge  of  sand 
and  gravel  from  50  to  100  yards  wid.e ;  and  the  two  arc  connected 

»  "Lsleof  Man,"p.  18i\ 

»  •*  Yn  Lioar,"  op.  cit.  p.  399. 
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at  the  southern  end  by  an  old  dramage  channel,  which  is  pro- 
longed into  a  little  valley  opening  southward  to  the  upper  ^vel 
platform  of  the  Neb  vallev  near  Ballaleece,  at  an  devation  ot 
about  105  feet  above  O.D.  (p.  458).  The  following  passages 
describing  the  results  of  the  excavation  are  quoted  (not  in  their 
original  order)  from  Mr.  Kermode's  Report^: — 

**  About  sixty  years  ago  the  bog  had  been  worked  for  marl,  and  the 
present  well-deiined  banks  mark  out  a  rectangular  hollow  some  50  yards 
scuare  and  about  3  f&et  below  the  surrounding  surface.  Across  one  comer 
01  this  a  trench  was  dug  to  carry  off  the  water,  and  the  operations  of  tbe 
Committee  v/ere  confined  to  a  triangular  area  on  the  west  side  of  the  trench, 
measuring  about  15  yards  east  and  west,  by  about  30  yards  north  and 
south 

The  result  of  all  the  excavations,  allowing  for  the  disturbed  state  of  the 
ground,  showed  the  following  beds : — 

A.  Disturbed  soil  and  peat,  an  average  of  about 

B.  In  one  place  a  blue  clay  or  silt  was  observed  resting  on 

the  white  marl. 

C.  White  marl  containing  the  Elk  remains 

D.  Blue  marl*    -        -  

E.  Red  sand  with  gravel 

F.  Brown  clay 

g- g^J '^"'^  «"^^«|}  ?  Glacial  drift  {      [       ]       [       [ 

As  stated  above,  the  whole  surface  had  been  lowered  about  3  feet  in 
digging  for  marl ;  the  neat  had  for  the  most  part  been  removed,  and  a 
great  deal  of  the  marl  also  :  indeed,  we  were  fortunate  in  finding  this  one 
spot  in  which  the  marl  itself  had  not  been  disturbed 

The  finding  of  detached  bones  shows  that  other  individuals  had  penshed 
here In  association  with  these  were  remains  of  horse,  repre- 
sented by  a  radius  and  lower  jaws  of  two  individuals.  Though  the  ground 
had  been  disturbed  the  horse  bones  probably  belonged  to  the  same  age  as 
the  elk.  A  fragment  of  a  metatarsal,  met  with  in  digging  the  trench,  had 
an  artificial  jKjrforation. 

The  skeleton  lay  in  white  marl  at  a  depth  of  about  9  feet  from  the 
present  surface,  on  its  right  side^  the  legs  drawn  up  to  the  body,  the  head 
towards  the  margin  of  the  ancient  pool,  now  a  morass,  which  lies  in  a 
hollow  in  the  glacial  drifts. 

From  the  position  of  the  bones  the  animal  appeared  to  have  died  where 
it  was  found,  not  to  have  been  washed  down  by  iloods 

The  bones  were  nearly  all  in  juxta()Osition  and,  excepting  the  riba  and 
pelvic  bones  and  one  shoulder-blade,  in  a  very  fair  state  of  preservation. 
The  antlers  were  nearly  complete  ;  the  beams,  however,  are  represented  by 
fragments,  the  skull  also  is  fragmentary. 

The  left  antler  is  the  larger ;  it  measures  across  the  palm  15  inches, 
allowing  for  a  piece  of  the  front  edge  which  h&s  decayed  away  ;  the  ri^t 
measures  13  inches.  With  the  tines,  most  of  which  dropped  off  on  lifting 
from  the  marl,  they  are  respectively  5G4  inches  and  63  mches  long,  and 
the  beam  would  have  been  al)Out  10  inches  more.  They  show  six  points, 
besides  the  brow-tines,  which  had  fallen  off,  the  portion  of  the  beam  to 
which  they  were  attached  having  decayed  away. 

^  British  Assoc.  Rep.  for  1898  (Bristol),  pp.  548-651.  The  report 
contains  full  measurements  of  all  the  bones  oi  the  skeleton  by  Ptofessor  W. 
Boyd  Dawkins. 

*  "  This  was  noticed  below  the  skeleton,  and  may  have  been  discoloured 
by  the  decay  of  the  body." 
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The  palm  of  the  left  antler  lay  over  the  lumbar  vertebra,  and  the  ri^ht 
over  the  foreqnarters.  The  upper  jaw  teeth  were  preserved  on  both  sides, 
and  those  of  the  left  lower  jaw  were  embedded  in  the  ramut.  A  fragment 
of  the  right  s^rmphysis  was  also  present,  and  there  were  various  fragments 
of  a  skull  which  had  been  broken  up  before  the  discovery.  Death  had 
occurred  in  its  full  prime,  as  shown  by  the  perfection  of  the  teeth  and  the 
dimensions  of  the  antlers. 

Among  the  bones,  but  not  of  this  individual,  was  one  which  had  been 
perforated,  probably  by  the  point  of  an  antler  of  another  elk  in  one  of  their 
usual  fights.  It  was  fractured  as  well  as  perforated,  and  had  been 
healed    .    .    . 

Samples  of  the  marl  and  other  beds  were  forwarded  to  Mr.  James 
Bennie,  of  Edinburgh,  who  again  most  kindly  undertook  the  laborious 
task  of  washing  and  siftincr  the  material.  The  oiganic  remains  thus 
obtained  were  examined  by  Mr.  Clement  Reid,  who  has  determined  the 
following  plants  : — 

From  Peat  B  [A  ?]. 

Ranunculus  Flammula,  L,  Carduus  crispus,  L. 

Viola  iMilustris,  L,  Menyanthes  trifoliata,  L, 

Kubus  fruticosus,  L.  (very  small).  Emi)etrum  nigrum,  L, 

Potentilla  Tormentilla.  JV  eck.  Potamogeton,  sp. 

„         Comarum,  AatL  Carex,  4  sp. 

Also  beetles,  3  sp.^  and  caddis  cases. 

From  Marl  C. 

Ranunculus  repens,  L,  Empetrum  nigrum,  L, 

Viola  palustris,  L,  Potamogeton. 

Potentilla  Comarum,  Nestl,  Carex,  4  sp. 

Myriophyllum  spicatum,  L,  Chara. 

Rumex  obtusifolius,  L,  Uml>elliferous  plant  (unripe). 

7ro/tn  Red  Sand  E, 
Plant  remains,  not  determined. 

From  Bed  F. 

Betula  alba,  L,  Bracts  of  sedge. 

Potamogeton.  Leaves.  (?) 

Carex. 

Mr.  R.  Okell  examined  the  White  Marl  for  Diatoms,  but  found  no  trace. 
There  are  no  fresh  water  shells  in  it" 

Mr.  Reid,  in  reproducing  the  above  lists  in  his  recent  work 
on  "  The  Origin  of  the  British  Flora,"  ^  remarks :  "  B.  is  Recent 
or  Neolithic,  C.  and  F.  [E.  in  Mr.  Reid* a  hook^  correspond  with 
the  marl  at  Ballaugh,  and  are  classed  provisionally  as  Late 
Glacial" 

It  will  be  noticed  that  the  '  stratum  of  sand '  mentioned  by 
Dr.  Hibbert  as  occurring  between  the  marl  and  the  peat  was  not 
found  in  the  recent  excavation,  unless  represented  by  the  patch 
of  the  blue  clay  or  silt,  B.,  of  which,  imfortunately,  no  specimen 
was  preserved.  If  its  absence  be  not  accounted  for  by  the 
disturbed  condition  of  the  upper  portion  of  the  section,  the 
bed  may  possibly  have  been  onginaily  limited  to  one  part  of 

^  Dulau  and  Co.,  London  (8vo.) :    1899. 
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the  basin.  It  was  at  a  corresponding  horizon  in  the  Baliaugh 
section  that  the  Arctic  remains  were  found ;  so  that  if  the  bed 
could  have  been  examined,  it  is  possible  that  similar  remains 
might  have  been  found  at  Close-y-Garey,  since  the  genera) 
similarity  between  the  sections  is  so  close. 

Of  the  other  localities  in  which  elk-remains  have  been 
foimd  in  the  Island  we  have  little  definite  information.  Gum- 
ming, >vriting  in  1861  ("Guide  Book,"  p.  112),  stated  that  "in 
the  alluvial  gravel  in  the  Valley  of  Glen  Mooar  [near  St  Johns] 
were  discovered,  30  years  ago,  some  fine  specimens  of  the  Gervtu 
megaceros"  but  gives  no  further  details,  and  may  possibly  refo 
to  the  Close-y-Garey  finds.  He  also  mentioned  ("isle  of 
Man/'  p.  56)  that  some  remains  of  the  animal  had  been 
turned  up  in  the  south,  near  Castletown,  from  a  whitish  marl 
underneath  a  patch  of  turfy  ground  in  a  field  in  the  Silver- 
burn  vallejr  opposite  Creggans ;  and  again  (Quart.  Joum.  (Jeol 
Soc,  vol.  li.,  p.  345)  that  he  obtained  the  right  pelvis  of  a 
Megaceros  from  blue  alluvial  marl  on  the  Balladoole  jEstate,  at  a 
depth  of  six  feet,  the  marl  being  covered  by  2  foet  of  "  marine 
sand."  In  the  same  neighbourhood,  it  is  recorded  by  Mr.  J.  M. 
Jeftcott  ^  that  fragments  of  an  antler  of  the  elk  were  found  in 
the  peat  on  the  beach  at  Strandhall,  probably  the  specimen 
now  in  the  possession  of  Mr.  J.  M.  Gawno  (see  p.  414);  and 
Dr.  Clague,  of  Castletown,  possesses  an  antler  from  iCentraugh.* 
In  the  north  of  the  Island,  at  Ballalheaney  near  Andreas,  an 
antler  was  dug  up  from  a  bed  of  peat  covered  with  sandy 
wash,  at  a  depth  of  4  feet  (p.  436). 

In  reviewing  the  above  evidence,  we  find  that  >vherevcr  the 
details  of  the  sections  are  known,  the  elk-remains  have  leen 
obtained  from  the  lowermost  portion  of  the  alluvial  deposits, 
and  from  beds  which  contain  the  first  indications  of  organic 
life  after  the  emergence  of  the  land  from  under  the  ice-sheet 
In  this  respect  the  Manx  evidence  is  in  full  accord  with  what  is 
known  of  the  principal  occurrences  of  the  elk  in  Ireland. 
Indeed  the  similarity  of  the  Loughan-ruy  and  Close-y-Garey 
basins  to  the  best-known  Irish  sites  is  remarkably  close,  both  in 
topographical  situation  and  in  the  general  sequence  of  the 
deix)sits;  as  will  be  seen  on  comparing  the  sections  given 
above  with  that  of  the  Balleybetagh  Bog,  9  miles  south-east 
of  Dublin,  described  by  Mr.  W.  WDUams^  as  a  typical  Irish 
locality ;  or  with  the  generalised  Irish  section  reproauced  in  a 
recent  number  of  the  GeologicaZ  Magazm^^  from  Mr.  J.  G. 
Millais'  book  on  "  British  Deer."  In  Ireland  as  in  the  Isle  of 
Man,  the  elk-remains  are  embedded  in  marl  at  the  bottom  of 
hollows  in  the  drift;  the  marl   is    covered  by  clayey,  silty,or 

^  Yn  Lioar  Manninagh,  vol.  i,  pt.  2,  p.  56. 

2  Kermofic        do.  vol.  iii.,  p.  400. 

^  *  On  tlic  «»o«'nnen('e  (if  Mf'ttactro^  J/ifferm'cus  in  the  ancient  lacustrine 
deposits  in  I  it  land,"  Ueol.  Ma^'  (new  hop),  <lt>c.  IL,  vol.  viii.  (1881),  pp  354-363. 

♦  ()}e<»l.  Mar.,  i.s,  doc  iv.,  vol  v- (18148),  p.  133  (review  of  '*BritiBk 
Deer  and  their  HoniM  "  by  J.  6.  MilJai»;. 
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pravelly  wash;  and  this  again  by  peat,  sometimes  containing  trees. 
Jloreover,  in  both  districts  the  marl  is  a  C%ara-marl;  and  in 
'^ard  to  this,  Mr.  C.  Reid  has  made  the  following  apposite 
suggestion: — "Those  familiar  with  the  pools  containmg  Chara 
N\n  be  well  aware  of  the  appearance  of  shallowness  and  of  a 
jolid  floor,  which  is  so  deceptive.  The  Cluira  and  PoUnmxjeton 
may  grow  from  a  depth  of  several  feet,  but  they  often 
appear  to  form  a  carpet  of  bright  green  turf  a  few 
inches  imder  the  surface  of  the  clear  water.  Any  animal 
treading  on  this  turf  would  immediately  plunge  head- 
foremost into  the  water,  and  the  wide-branchmg  antlers  of 
Cervus  megaceros  would  become  entangled  amid  the  Cluira 
stems,  and  still  tougher  Pondweeds,  so  tnat  the  animal  would 
have  scarcely  a  chance  of  escape."  * 

The  plant-remains  found  in  the  Irish  marl  are  most,  if  not  all, 
species  which  occur  also  in  the  Manx  deposits ;  Mr.  Reid  remarks 
tnat  they  are  "all  of  wide  range,  and  throw  no  light  on  the 
climatic  conditions  that  held  during  the  Megaceros  period." 
Arctic  remains  corresponding  to  those  of  the  Isle  of  Man  have 
not  yet  been  foimd  in  Irelana,  probably,  as  Mr.  Bennie  suggests,^ 
because  proper  search  has  still  to  be  made.  Mr.  Williams  is  of 
opinion  that  the  elk-marls  were  accumulated  in  Ireland  during 
a  mild  and  genial  interlude  which  followed  the  cold  wet  climate 
of  the  great  thaw,  and  was  succeeded  by  a  return  of  glacial  con- 
ditions, "  the  cold  of  this  period  having  probably  exterminated 
the  Megaceros  in  Ireland.  '*  In  the  last  (third)  edition  of  his 
"  Great  Ice  Age,"  Prof.  James  Geikie  to  some  extent  endorses 
this  view,  and  after  discussing  the  evidence  concludes, — 
"  it  seems  to  me  probable  that  the  Megaceros-beds  may  be  of 
intcrglacial  age — tnat,  in  short,  they  may  occupy  the  horizon  of 
the  intcrglacial  deposits  of  the  Baltic  coast-lands."  *  Mr.  Reid 
in  his  report  on  the  plant- remains  from  Ballaugh  has  the 
following  pertinent  remark: — "It  is  important  to  ascertain 
whether  there  is  any  evidence  in  the  Isle  of  Man  of  a  mild  period 
after  the  melting  olf  the  ice,  and  before  the  deposition  of  the  bed 
with  Arctic  willows.  If  the  shell-marl  (F)  containing  the  Mega- 
ceros remains  was  formed  during  a  mild  interval,  the  complete 
disappearance  of  the  Irish  elk,  so  diflScult  to  imderstand,  may  bo 
due  to  cold  or  to  scarcity  of  food  during  a  less  genial  period. 
This  point  has  never  been  cleared  up  in  Ireland,  notwithstanding 
the  numerous  remains  of  the  Irisn  elk  that  have  there  been 
obtained."  ^ 

In  view  of  such  evidence  as  that  recently  obtained  at  Hoxne 
and  other  places  ®  for  wide-reaching  alternations  of  climate  since 
the  departure  of  the  last  great   ice-sheet,  it  would  be  rash  to 

*  "  The  origin  of  Megaceros-marl,"  "  Irish  Naturalist,"  May,  1895. 

*  "  Irish  Naturalist,'*  April,  1894. 
'  Op.  cit.,  p.  362. 

.     *  "Great  Ice  Age."  3rd  ed.,  p.  417. 

•  British  Assoc.  Rep.  for  1897  (Toronto),  p.  348. 

•  See  C.  Reid.  "  Rep.  British  Assoc,  for  1896,  pp,  400-415 ;  also  «*  Origin 
of  the  British  Flora."    Lond.  1899. 
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deny  the  possibility  of  the  Megaceroa-mArl  being  the  product  ot 
a  genial  interval  oetween  two  cold  periods ;  but  so  far  as  the 
Manx  evidence  alone  is  concemea,  there  appears  to  be  no 
necessity  for  the  theory  of  alternating  climates,  as  all  the 
knowTi  facts  seem  consistent  with  a  regular  amelioration  of 
temperature,  such  as  might  accompany  the  gradual  disappearance 
of  an  ice-sheet. 

For  reasons  which  are  discussed  on  a  subsequent  pa^  (p.  396) 
it  is  probable  that  a  great  amelioration  of  climate  naa  come 
about  oefore  the  Island  was  uncovered  by  the  waning  glacier,  and 
that  the  conditions  were  favourable  to  tne  growth  even  of  com- 
pamtivcly  temperate-climate  plants  as  soon  as  ever  these  could 
fand  footing  on  the  emerging  land-surface. 

Hence  by  the  time  that  the  ice  had  sunk  to  the  foot  of  the 
hills  the  land  was  probably  clad  with  verdure,  and  offered 
tempting  pasturage  tor  the  great  elk,  just  as  the  Barren  Lands 
of  >rortheni  Canada  and  the  tundras  of  Northern  Siberia,  under 
somewhat  similar  conditions,  at  present  constitute  the  favourite 
feeding-ground  of  its  living  analogues.  The  flora,  as  Mr.  Reid 
notes,  consisting  almost  entirely  of  a  few  common  species  of  wide 
range,  is  exactly  the  vegetation  which  we  should  look  for  to  be 
first  established  in  such  an  area ;  and  its  dispersal  could  scarcely 
fail  to  be  assisted  by  hairy  migratory  animals  hke  the  elk.  If 
there  had  been  forest  growth  at  the  time  we  should  not  have  fidled 
lo  find  trace  of  it  in  tne  marl,  where  its  absence  is  conspicuous. 
Indeed,  one  can  scarcely  imagine  the  elk  to  have  originally 
developed  such  wide-spreading  antlers  in  a  forested  country, 
though  the  species,  elsewhere  originated,  might  manage  to  survive 
for  a  time  among  forests.  The  little  Arctic  crustacean  and 
the  Arctic  plants  were  probably  contemporaneous  with  the  elk, 
and  are  indications  of  the  proximity  of  tne  ice-margin  when  the 
animal  first  reached  the  area.  It  is  true  that  only  a  single 
example  of  the  crustacean  and  none  of  the  Arctic  plants  have  yet 
been  found  in  the  marl  with  the  elk ;  but  this  is  probably  an 
accident  of  preservation,  as  seeds  only  have  endured  in  tUs 
material,  ana  the  Arctic  willow  is  represented  by  leaves  alone  in 
the  overlying  bed.  The  relationship  of  the  sandy  beds  to  the 
marl  in  tnese  little  basins  seems  to  be  that  of  shore  deposits  to 
deeper  water  sediments,  their  accumulation  going  on  contempora- 
neously, but  the  former  gradually  overspreading  the  latter  as 
the  pond  contracted  and  grew  shallow. 

It  seems  reasonable  to  believe,  as  elsewhere  suggested  (pp.  397-8). 
that  the  elk,  possessing  the  instincts  of  its  living  representa- 
tives, may  have  reached  the  Island,  and  Ireland  also,  across  ice- 
fields when  a  remnant  of  the  great  glacier  still  occupied  the  sea- 
basin  ;  and  it  may  never  have  been  a  permanent  resident,  but 
only  a  migratory  visitor.  The  animal  may  have  lingered  on 
into  the  age  of  forests,  when  the  principal  peat  bogs  of  th6 
Island  were  accumulated;  but  for  this  there  is  at  present  no  posi- 
tive evidence. 
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Our  enquiry,  therefore,  leads  us  to  the  conclusion  that  Cervus 
giganieiLs  in  the  Isle  of  Man  must  be  regarded  either  as  a  Late- 
glacial  or  early  Post-dacial  inhabitant  according  to  the  limits,  in 
any  case  arbitrary,  which  we  may  assign  to  the  Glacial  Period. 

THEORETICAL  CONCLUSIONS  AND  REVIEW. 

It  remains  now  to  combine  the  inferences  drawn  from  the 
facts  into  a  short  history  of  the  probable  course  of  events  in 
this  part  of  the  Irish  Sea  bixsin  from  the  beginning  of  the 
Glacial  Period  to  its  close. 

The  fundamental  deduction,  that  an  ice-sheet  must  have  filled 
the  depression  surrounding  the  Island,  is  merely  a  re-statement 
of  the  conclusion  forced  upon  many  previous  workers,  including 
R.  H.  Tiddeman,!  J.  G.  Goodchild,^  and  J.  Geikie,»  bv  their 
studies  on  the  mainland;  and  upon  J.  Home,*  the  late  H. 
Carvill-Lewis,*  and  P.  F.  Kendall,**  by  their  personal  examina- 
tion of  the  Island.  It  is  on  subsidiary  points  as  to  the  con- 
ditions during  development  and  disappearance,  and  as  to  the 
direction  of  flow  of  this  ice-sheet  that  the  present  investigation 
has  thro^Ti  fresh  light. 

Of  Pre-glacial  conditions  in  the  Island  we  gather  faint 
glimpses  only,  from  topographical  evidence  and  from  the  shells 
m  the  drift.  No  deposits  of  this  age  have  anywhere  been  found 
below  the  glacial  beds,  not  even  in  the  deep  borings  of  the  north, 
where  the  base  of  the  drifts  was  far  below  sea-level.  The 
presence  of  so  much  marine  detritus  in  the  drifts  and  the 
absence  of  any  land-remains  seem  to  indicate  that  the  Island 
was  surrounded  by  the  sea  right  up  to  the  advent  of  glacial 
conditions.  The  broad  platform  of  erosion  at  the  foot  of  the 
Pre-glacial  cliff-line  shows  that  this  sea  must  for  a  long  time 
have  stood  at  approximately  the  present  level ;  and  afterwards 
have  sunk  somewhat  lower,  since  this  platform  has  in  places  been 
trenched  by  streams.  From  the  character  of  the  shells  derived 
from  this  sea-bottom  and  incorporated  in  the  drift,  the  marine 
conditions  may  date  back  to  Late  Pliocene  times,  but  not  earlier ; 
their  mixed  fades  and  the  presence  of  northern  species  betoken 
a  changing  climate ;  and  the  far-travelled  pebbles  coated  with 
marine  organisms  indicate  the  presence  ot  floating  ice  before 
the  marine  conditions  terminated.  Whether  after  being  sup- 
planted by  the  ice-sheet,  the  sea  ever  recovered  its  basin  until 
the  close  of  the  Glacial  episode,  is  doubtful.  The  only  evidence 
in  favour  of  its  having  done  so  is  the  presence  of  the  belt  of 

*  Quart.  Journ.  Geol.  See.,  vol.  xxviii.,  p.  488. 

*  Quart.  Journ.  Geol.  Soc.,  vol.  xxxi.,  p.  56  ;  also  "  Ice  work  in  Edenside," 
Trans.  Cumberland  Assoc.,  No.  12  (1886-7),  p.  Ill ;  and  other  papers. 

^  "  Great  Ice  Age,"  map,  pi.  1,  p.  69  tt  pamm, 

*  Trans.  Edinburgh  Geol.  Soc.,  vol.  ii.,  pt.  iii. 

"  "  Glacial  Geology  of  Great  Britain  and  Ireland  "  (1894.    liOngmans : 
London  and  New  York),  p.  359. 
^  Yn  Lioar  Manninagh,  vol.  i.,  p.  397, 
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marine  material  among  drift  of  the  usual  character  in  the 
deeper  part  of  No.  6  Soring,  at  over  200  feet  below  sea-level ; 
and  as  we  have  already  seen,  this  material  may  possibly 
represent  strips  of  the  old  sea-Hottom  not  redistributed  piece- 
meal like  the  rest,  but  displaced  en  masse  by  the  ice-sheet 
The  juxtaposition  of  a  band  in  which  the  coinparatively  deep- 
water  Rhynctumella  paittdcea  is  the  most  abundant  shell  with 
another  in  which  the  shallow- water  MytUxis  edtdis  pUys  that 
part,  is  scarcely  conipatible  with  original  deposition;  and  the 
indefinite  character  of^  the  evidence  in  the  other  borings  is  like- 
wise unfavourable  to  the  occurrence  of  a  true  marine  horizon  in 
this  part  of  the  drift. 

Even  if  the  shell-bed  be  in  place  it  need  not  denote  more  than 
a  minor  variation  of  climate  during  the  growth  of  the  ice-sheet, 
which  changed  its  general  advance  over  the  sea-bed  to  a  tem- 
porary retreat.  Under  such  circumstances,  strips  of  sea 
Dottom  with  northern  shells  might  become  locally  interspersed 
with  the  basal  moraine.  But  one  thin^  seems  clear,  that 
nowhere  in  the  Manx  drifts  do  we  find  evidence  for  an  Inter- 
glacial  Period  in  the  sense  in  which  that  term  is  usually 
understood,  i.e.,  of  a  warm  period  during  which  a  previously 
existing  ice-sheet  entirely  disappeared,  afterwards  followed  by  the 
growth  of  a  new  ice-sheet  All  the  known  facts  support  Mr. 
Kendairs  conclusion  that  in  this  area  "  the  glacial  period  was 
one  and  indivisible,  and  that  any  withdrawal  of  the  ice  and 
rc-advanco  over  a  spot,  was  merely  such  an  oscillation  as  ii 
observable  in  the  case  of  the  glaciers  of  the  Alps,  and  of  other 
places."  ^ 

The  state  of  the  climate  in  this  region  at  the  beginning 
of  the  Glacial  Period  was  undoubtedly  such  that  the  snowM 
accumulated  from  year  to  year,  at  the  comparatively  low  altitude 
of  the  hills  of  the  Island  and  of  the  uplands  of  tne  mainlands 
surrounding  the  Irish  Sea,  so  that  the  valleys  became  filled 
with  glaciers.  Along  the  shores  an  ico-foot  probably  formed 
in  the  winter  and  broke  away  in  the  summer  into 
floes,  which  distributed  their  burden  of  rock-fragments  broadcast 
over  the  sea-floor.  This  seems  to  be  the  explanation  of  the 
curiously  wide  dispersal  ot  the  fragments  from  Ailsa  Craig, 
which  have  been  recognised  in  the  drift  almost  all  round  the 
northern  part  of  the  Irish  sea-basin,  in  Ireland  and  Wales,  as  well 
as  in  the  Isle  of  Man.'  The  sea-girt  precipices  of  spUntery 
rock  in  Ailsa  could  not  fail  to  cast  otf  a  load  upon  an  ice-foot 
below ;  and  thus  these  fragments  became  strewn  over  the 
sea-floor  almost  as  widely  as  the  shells,  and  were  subsequently 
carried  by  the  ice-sheet  into  nciirly  every  district  to  the  south- 
ward where  the  shells  were  carried. 

Gradually  the  permanent  snow-line  crept  downward  on  the 
hills,  and  tfce  glaciers  crept  outward  into  the  shallow  sea,  perhaps 

^  Op.  cit ,  p.  424. 

"  Kendall,  op.  cit ,  p.  407  ;  J.  Lomas,  British  Assoc.  Rep.,  1892,  p.  707  ; 
G.  A.  J.  Cole,  ^*  Nature,"  roi.  xlvii.,  p.  464. 
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in  the  deeper  channel  partly  afloat  like  the  great  glaciers  of 
8om^  of  the  Greenland  fiords ;  until  at  length  the  open  water- 
surface  was  obUterated,  and  an  icy  bridge  stretched  from  Britain 
to  Ireland,  with  the  Isle  of  Man  as  its  central  pier. 

Then  ensued  a  set  of  conditions  to  which  I  would  especially 
call  attention,  as  I  think  they  have  hitherto  been  almost  over- 
looked by  students  of  the  subject.  Up  to  this  time  the  hill- 
ranges  surrounding  the  basin  had  played  the  chief  part  in  the 
production  of  the  knd-ice;  and  had  lormed  independent  centres 
of  ice-drainage,  as  proved  by  the  dispersal  of  their  boulders, 
corresponding?  in  the  main  to  their  previous  systems  of  water- 
drainage.  But  when  once  the  glaciers  had  overspread  the 
enclos^  sea-basin,  they  wonld  constitute  an  ice-sheet  which  with 
the  then-existing  climate  could  grow  independently,  even  at  a 
comparatively  low  elevation,  from  the  accumulation  of  perma- 
nent snow  upon  its  own  surface.  And  as  the  flow  from  the  hills 
would  also  continue,  without  any  compensating  discharge  from 
the  low  ground,  the  ice  would  rapidly  increase  in  depth  in 
the  basin,  like  water  under  similar  circumstances,  without  piv 
portionate  increase  on  the  high,  ground. 

In  any  irregular  land-area  undergoing  glaciation  there  must 
be  this  general  tendency  towards  the  obliteration  of  surface- 
relief  In  the  present  case  the  ice-plateau  in  the  basin  rose 
higher  and  higher,  from  the  above  causes,  until  the  relative  im- 
portance of  the  hills  as  centres  of  glacial  flow  was  lost,  and  the 
direction  of  movement  of  the  mass  was  determined  by  indepen- 
dent factors  and  particularly  by  the  position  of  the  area  of  maxi- 
mum thickness  in  the  ice-sheet.  In  the  earlier  stages  the  snow- 
fall, like  the  present  rainfall,  was  no  doubt  heaviest  on  the  hills ; 
but  as  the  ice-sheet  increased  in  elevation,  its  surface  must  soon 
have  lain  high  enough  to  rob  such  moderate  heights  as  those  of 
the  Lake  District  or  the  Southern  Uplands  of  their  advantage, 
and  to  arrest  a  precipitation  at  least  as  great  as  their  own,  and 
over  a  much  wider  area. 

Moreover,  as  the  principal  moisture-laden  winds,  then  as  now, 
must  have  come  in  from  the  Atlantic,  every  increase  in  the 
elevation  of  this  western  ice-plateau  would  tend  more  and  more 
to  intercept  and  lessen  the  aownfiiU  upon  the  hills  to  the  east- 
ward, and  correspondingly  to  increase  its  own  rate  of 
growth.  And  the  greater  its  altitude  the  less  would  be  the 
thawing  of  its  sunace  during  summer.  Hence,  given  the 
initial  circumstances,  the  growth  of  an  ice-sheet  in  such  an  area 
must  proceed  at  an  increasingly  rapid  rate,  until  its  dimensions 
bring  retarding  factors  into  play,  or  until  the  secular  conditions 
become  unfavourable. 

The  growth  of  the  West-British  ice-sheet  went  on  until,  in  the 
vicinity  of  the  Isle  of  Man,  as  shown  by  the  high-level  stri;v,  its 
surface  was,  at  least,  more  than  2,000  feet  above  present 
sea-level,  while  its  base  was  from  400  to  800  feet  below  that 
datum-hue  in  the  deeper  part  of  the  basin  to  the  north-west- 
wadr  of  the  Island.     With  a  total  thickness,  as  thus  indicated 
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of  riot  less  than  3,000  feet,  this  sheet  had,  as  we  know,  attamed 
great  lateral  extent,  reaching  at  this  time  south-westward  to 
me  Irish  margin  of  the  basin,  and  southward  and  south-eastward 
to  North  Wales  and  Lancashire.  Hence,  as  already  pointed  out, 
the  drift-phenomena  of  the  Island  are  of  especial  importance  to 
the  glacial  geologist  in  showing  conditions  in  the  heart  of  the 
sheet,  which  explain  many  difficulties  met  with  in  the  marginal 
districts. 

Let  us  consider,  for  example,  the  direction  of  ice-flow  over  the 
Island  in  relation  with  its  direction  on  the  mainlands,  as  shown 
on  the  sketch-map,  Fig.  103.^  We  obtain,  I  think,  clear  proof 
that,  at  the  maximum  stage  of  the  West-British  ice-sheet,  its 
principal  centre  of  dispersal  lay,  not  among  the  hills,  but  over  an 
area  in  the  basin  somewhere  in  the  region  of  the  North  Channel, 
where  presumably  the  ice  had  accumulated  to  its  greatest 
altitude.  The  divei^ence  of  the  Clyde  ice  westward  over 
Cantyre :  of  the  Galloway  ice  eastward  up  the  Solway  Firth ;  of 
the  take  District  ice  soutn-eastward  up  and  over  the  watershed 
of  the  Eden  Valley  and  southward  across  Morecambe  Bay ;  and 
of  the  East  Irish  ice  southward  along  the  coast,  all  indicate  that 
the  uplands  had  lost  control  of  the  now  and  could  barely  defend 
themselves  from  actual  invjusion.  As  for  the  local  accumulation 
on  the  Manx  hills,  like  the  hills  themselves  it  bad  ce^iscd  to  bo 
distinguishable  beneath  the  surface  of  the  plateau,  and  had 
become  part  of  the  general  current  moving  souui-south-cfistward. 
The  influence  of  the  Island  upon  this  current  w.is  exactly  that 
of  a  sunken  boulder  in  a  river,  «nd  no  more. 

The  upper  portion  of  tlie  ice-sheet  at  this  stage,  having  been 
derived  from  snow-fall  on  its  own  surface,  must  have  been  free 
from  detritus,  like  existing  ice-sheets  of  similar  origin  ;  but  its 
lower  part  was  no  doubt  laden  with  morainic  material  brought  in 
by  the  original  glaciers,and  with  marine  debris  from  the  sea-bottom 
over  whicn  the  ice  was  passing.  As  the  basal  layers  must  have 
been  under  the  enormous  pressure,  they  would  likewise  frequently 
tear  up  the  underlying  rock  floor  in  moving  forward. 

The  much-discussed  problem  as  to  the  physics  of  ice-motion  is 
not  of  immediate  consequence  to  the  field-worker  in  glacial 
geology,  who  sees  all  round  him  the  evidence  that  the  moving 
mass  behaved  to  all  intents  and  purposes  as  a  plastic  body,  be 
the  cause  what  it  may.  On  a  plane  surface  or  in  an  irregular 
basin  the  base  of  the  ice-sheet  would  doubtless  tend  to  obtain 
relief  from  superincumbent  pressure  by  flow  towards  the  point 
where  the  pressure  was  less  severe.  In' this  way,  the  basal  drift- 
laden  layers  would  move  gradually  outward,  and  to  some  extent 
upward,  from  the  centre  of  the  mass  towards  its  circumference, 
the  altitude  they  eventually  attained  above  their  starting  point 

*  The  striae  on  this  map  are  taken  chiefly  from  the  published  maps  of  the 
Geological  Survey,  with  a  few  from  other  published  sources,  supplemented 
in  regard  to  Anglesea  by  information  kindly  given  by  my  friend,  Mr.  E. 
Greemy. 
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depending  partly  upon  the  shape  of  the  ground,  and  partly  upon 
the  relative  height  of  the  column  of  ice  at  different  points. 

The  inequalities  of  the  old  rock-surface  undoubtedly  played 
an  important  part  in  directing  the  flow  of  the  lower  layers  of 
the  ice-sheet.  I  fully  agree  with  Mr.  Kendall  that  "although 
glacier-ice  can  ascend  slopes  of  considerable  steepness,  there  is  a 
certain  critical  angle  which  cannot  be  surmounted,  and  when 
that  is  reached,  instead  of  overriding  the  obstruction,  the  ice 
cleaves  and  glides  past  on  either  side,  while,  if  the  obstruction 
be  not  very  nigh,  the  upper  strata  of  ice  will  move  on  over  the 
top."i 

These  considerations  account  perfectly  for  the  distribution  of 
the  foreign  drift  with  marine  debris  on  the  flanks  of  the  Island: 
for  the  absence  of  such  material  from  most  of  the  high  ground : 
for  the  direction  taken  by  the  local  boulders:  and  for  the  oearings 
of  the  striai  on  the  rock-surfaces.  The  lower  layers  impinging 
upon  the  steep  northern  slopes  swerved  to  right  and  left  as  an 
undertow ;  and  the  clean  upper  portion  passed  over  them  and 
also  over  the  local  ice  fillmg  the  deeper  valleys  of  the  interior, 
and  swept  across  the  uplands  transvei-se  to  the  ridges,  which 
were  glaciated  with  their  own  debris  only. 

It  has  often  been  urged  that  the  increase  of  an  ice-sheet  beyond 
a  certain  thickness  would  be  rendered  impossible  by  the  Uquefiac- 
tion  of  its  base  by  simple  pressure.  In  view  of  tne  great  thick- 
ness of  the  existing  ice-sheets  of  the  interior  of  Greenland  and  of 
the  Antarctic,  this  supposition  has  not  much  weight ;  but  if  vahd, 
it  might  perhaps  explam  the  production  of  thick  sheets  of  ground- 
morame  m  regions  of  great  pressure,  through  the  constant  lique- 
faction and  elimmation  of  ice  from  the  dnft-laden  lower  layers 
and  the  compression  of  the  accumulated  solid  residue. 

We  have  no  positive  evidence  as  to  the  maximum  altitude 
which  the  West-British  ice-sheet  attained.  That  its  thickness 
above  the  crest  of  Snaelell  (2,034  feet)  must  have  been  considei- 
able  is  proved  by  the  striae  that  cross  the  summit  transversely  to 
the  contours ;  and  similarly  in  the  case  of  South  Bamile  (1,585 
feet),  by  the  rapid  uplift  of  the  Foxdale  granite  boulders  to  its 
top.  Its  altitude,  indopendently  of  its  thickness  below  ordnance 
datum,  was  therefore  certainly  not  less,  and  probably  greater 
here  than  on  the  northern  borders  of  the  Lake  District, 
where  according  to  J.  G.  Goodchild  (whose  results  in  this 
respect  agree  with  those  obtained  by  J.  Clifton  Ward  and 
R.  H.  Tiddeman  farther  southward),  "The  upper  limit  stood 
somewhere  between  2,200  and  2,400  feet  allove  the  present 
sea-level  at  the  points  where  the  ice-sheet  attained  its  greatest 
thickness."^  Farther  south,  over  the  Lancashire  and  Cneshire 
plain,  its  height  seems  to  have  been  well  below  1,000  feet. 

Without  pursuing  the  argument  in  its  wider  aspects,  it  maybe 
stated  that  the  same  conditions  appear  to  have  obtained  also  in 

*  Op.  cit.,  p.  426. 

*  Quart.  Joum.  Geol.  Soc.,  vol.  xxxL,  p.  98. 
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the  East-British  ice-sheet,  which  occupied  the  bed  of  the  North 
Sea.  The  Laurentide  ice-sheet  ot  North  America,  which 
fathered  on  the  low  Archaean  plain  and  spread  thence  towards 
the  Appalachian  Highlands  ot  the  Eastern  States,  may  be 
cited  as  a  parallel  example  on  a  larger  scale.  In  fact,  all  the 
great  ice-sheets  of  the  Ulacial  Period  seem,  after  their  earlier 
stages  were  passed,  to  have  grown  and  spread  from  the  snowfall 
which  they  received  on  their  surfaces  ratner  than  from  the  inflow 
of  upland  glaciers. 

As  the  British  ice-sheets  must  always  have  received  their 
increment  principally  from  the  moist  Atlantic  winds,  it  seems 
probable,  as  I  nave  elsewhere  suggested,^  that  without  any 
change  of  climate,  the  centre  of  greatest  accumulation  and  con- 
sequently of  maximum  glaciation  would  tend  to  shift  steadily 
westward  and  south-westward  as  the  icy  plateau  rose  higher 
in  the  path  of  the  moisture-laden  winds  and  compelled  tneir 
earlier  precipitation.  This  effect  would,  moreover,  be  accentu- 
ated by  the  obliteration  of  the  open  water  in  the  sea  basins  to 
the  eastward.  The  West-British  sheet  miglit  from  this  cause 
go  on  increasing,  while  its  East-British  and  rennine  equivalents 
were  alreadv  diminishing  from  lack  of  sufficient  snow&ll. 

It  is  wortn  noting  in  tms  connection  that  in  studying  the  drifts 
of  East  Yorkshire  some  years  ago,  I  arrived  at  the  conclusion 
that  the  ice-sheet  of  the  North  Sea  had  begun  to  diminish  before 
the  overflow  from  the  westward  across  the  Pennine  Chain  com- 
menced, though  the  reason  was  not  at  that  time  clear  to  me.' 

May  not  the  cold  dry  "steppe-period"  which  has  been 
recognised  in  Central  Europe  be  a  further  result  from  the 
same  cause? 

For  the  above  reason,  the  shrinkage  of  the  ice-sheet  covering 
the  Isle  of  Man  is  likely  to  have  conunenced  while  the 
Welsh  and  Ivemian  sheets  were  still  increasing.* 

But  it  was  not  until  there  had  been  a  great  ameUoration 
of  climate  that  the  Island  began  to  emerge  from  the  waning 
mass.  The  duration  of  its  burial  we  have  no  means  of  esti- 
mating ;  time  passes  unchronicled  in  the  middle  of  an  ice-sheet ; 
and  it  is  only  at  its  margin  that  there  is  any  record  kept.  We 
b^n  to  get  glimpses  of  events,  however,  as  soon  as  the  higher 
of  the  mountain-ridges  were  bare ;  and  from  that  time  onward 
the  records  lack  notning. 

Just  as  there  had  been  an  automatic  acceleration  of  the  rate 
of  growth  of  the  ice-plateau  with  its  increasing  elevation,  so 
by  a  reversal  of  the  process,  was  there  a  corresponding  accelera- 
tion in  the  rate  of  shrinkage  while  its  melting  was  in  progress. 


1  "  Glacialists'  Mag.",  vol.  1,  No  11  (1894),  p.  231. 

•  "Drifts  of  Flamboroiigh  Heacl,"  Quart.  Joum.  Geol.  Soc.,  vol.  xlvii. 
(1892),  p.  428. 

'  On  a  vastly  larger  scale,  there  appears  to  have  been  a  similar  shifting 
of  the  centres  of  glaciation  in  the  ice-sheets  of  North  America,  see  J.  B. 
Tyrrell.  "  The  Glaciation  of  North-Central  Canada."  Rep.  British  Assoc, 
for  1897,  p.  662,  and  Joum.  Geol.  Chicago,  vol  vi.  (189B),  pp.  147-160. 
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As  above  hinted,  the  shrinkage  may  have  beg^uii  from  a  diminutioQ 
in  the  amount  of  snowfidl  alone ;  but  berore  it  could  proceed 
far  there  must  have  been  a  wide-spread  change  of  climate,  and 
an  essential  difference  between  the  conditions  of  this  stage  and 
of  the  initial  stage  of  the  period.^ 

At  the  beginnmg  of  the  period  che  climate  was  such  as  to 
permit  the  permanent  snow-line  to  descend  nearly  to  sea-level ; 
while  when  the  ice-sheet  had  reached  its  maximum  it  was  requisite 
that  the  climate  should  be  warm  enough  to  prevent  snow  Ivii^ 

{)ermanentlv  at  over  2,000  feet  above  sea-level  before  a  positive 
owering  of  the  surface  by  melting  could  take  place.  Thus, 
an  ice-slieet  already  in  existence  may  be  able  for  a  long 
time  to  withstand  a  climate  in  which  it  could  never  originally 
have  accumulated ;  and  ameliorating  changes  may  attain  an 
advanced  state  before  their  effect  on  such  an  ice-sheet  becoineg 
markecL  But  when  the  permanent  thawing  of  the  surjbce  once 
commences,  it  must  go  on  with  accelerated  rapidity  as  lower 
levels  are  reached. 

It  may  be  objected  that  the  ice-sheet  was  perhaps  melted  back 
from  its  margin,  or  that  it  may  have  sunk  to  lower  levels 
by  gradual  out-flow  without  equivalent  replenishment.  But  the 
evidence  is  convincing  that  the  ice  around  the  Island,  like  that 
of  Eden-side,  so  well  described  by  Mr.  Groodchild,  "melted  as  it 
stood,  and  the  waning  ice-sheet  did  not  pass  in  reverse  order 
through  the  series  of  changes  that  accompanied  its  incremeni."' 
Its  flow,  always  sluggish,  seems  to  have  been  arrested  by  the 
changed  conditions;  and  the  ice  disappeared  from  the  hilk 
betbrc  a  now  direction  of  movement  of  sufncient  strength  to  leave 
a  record  nould  be  astablished.  In  this  way  only  can  we  explain 
the  rcinarkiible  conformity  of  the  phenomena  in  r^ard  to  the 
ice-flow  in  the  Island,  and  the  absence  of  any  trace  of  subsidiary 
local  glaciers  at  the  close  of  the  period. 

It  is  clear  that  by  the  time  tiie  hill-tops  had  reappeared  the 
Arctic  conditions  of  climate  had  passed  away,  and  permanent 
snow  was  no  longer  possible  on  rock-surfaces,  even  at  the  higher 
levels.  The  ridges  tnen  stood  out  as  rocky  nunataks  above  the 
sinking  ice-fields,  and  hastened  the  withdrawal  of  the  ice 
immeaiately  surrounding  them,  in  the  same  manner  as  the 
nunataks  of  existing  *  piedmont'  glaciers. 

Further  differential  melting  was  almost  inevitable  imder 
the  conditions.'*  On  the  surface  of  the  ice-sheet  the  rate  of 
liquefaction,  whether  due  to  warm  air,  direct  sunshine,  or  rain, 
must  have  been  approximately  equal  over  wide  areas,  leading  to 
a  gcncml  lowering  of  the  plateau ;  and  the  resultant  water, 
whether   flowing   or   stationary,   could   scarcely  rise   above  the 

*  The  writer  called  attention  to  this  point  in  "  Nature,"  vol.  IviL  (1S96), 
p.  245. 

'  "  Ice- work  in  Edenside,"  Trans.  Cumberland  Assoc,  No.  12  (188S-7), 
p.  134. 

3  8ee  "  Outline  of  the  Geology  of  the  Isle  of  Man  "  ;  Handbook  for 
British  Assoc.,  Liverpool  (1896),  p.  179. 


THfioHETicAii  Conclusions.  397 

temperature  of  its  icy  bed.  But  the  contemporaneous  drainage 
from  the  bare  ground  might  be  endowed  with  considerable 
melting  power,  the  initial  temperature  of  the  rainfall  being 
increased  by  whatever  degree  of  warmth  the  land-surface  might 
possess,  rienco,  where  land-streams  impinged  upon  the  ice,  there 
would  be  an  accelerated  melting  back  of  the  mass  and  the 
development  of  depressions,  in  which  the  waters  often  accumu- 
lated in  small  lakes.  The  streams  from  these  lakes,  discharging 
principally  across  the  ice,  but  touching  the  land  in  places,  are 
no  doubt  mainly  responsible  for  the  excp.vation  of  the  curious 
notches  on  projecting  hill-spurs  and  the  production  of  patches 
of  stmtiiieil  local  driit  on  open  slopes. 

With  the  increase  of  the  land-surface  and  the  imcovering  of 
lower  ground  this  differential  melting  seems  to  have  become 
still  more  pronounced  ;  so  that  the  whole  Island  was  freed  from 
ice  while  there  was  still  an  icy  plain  surrounding  it.  It  was  at 
this   stage  that  the  main  features  of  the  northern  plain  were 

Eroduced.  Nowhere  in  the  Island  along  an  equal  extent  of 
order  is  the  discharge  of  drainage  from  the  uplands  approxi- 
mately as  great  as  in  the  north,  where  three  great  valleys  (Glen 
Dhoo,  Sulby  Glen,  and  Glen  Auldyn)  have  their  mouths  at  the 
edge  of  the  hills  within  a  space  of  six  miles.  The  combined 
effect  of  their  waters  was  to  neat  back  the  ice-front  into  a  great 
crescentic  embayment,  with  its  western  horn  approaching  the 
mountains  between  Ballaugh  and  Kirk  Michael,  and  its  eastern 
horn,  now  in  great  part  carried  away  by  the  sea,  curving  round 
towards  Ramsey,  while  directly  opposite  the  above-mentioned 
glens  it  lay  four  or  five  miles  distant.  The  history  of  Lake 
Andreas,  which  filled  this  hollow,  has  already  been  followed  and 
need  not  be  repeated  (pp.  372-3). 

Similar  circumstances  accompanied  the  wane  of  the  East- 
British  ice-sheet  in  East  Yorkshire;^  and  have  doubtless 
prevailed  wherever  the  'piedmont'  as  distinguished  from  the 
*  Alpine '  type  of  glaciation  has  ruled. 

The  peaty  layer  in  the  late-glacial  gmvel  platform  at  Kirk 
Michael,  with  its  limited  flora  of  wide  climatic  range  associated 
with  one  or  two  Arctic  types  and  with  the  little  Arctic  fresh- 
water crustacean,  affords  us  a  further  glimpse  into  the  con- 
ditions of  this  stage.  The  ice-sheet  in  covering  the  whole 
Island  must  have  blotted  out  all  the  previous  life;  so  that 
in  spite  of  the  relatively  rapid  emergence  of  the  land  and  its 
insular  position,  this  flora  and  tauna  must  have  been  re-introduced; 
and,  though  scanty,  they  indicate  that  the  thawing  back  of 
the  ice  had,  at  any  rate,  occupied  sufficient  time  for  the  re-estab- 
blishment  of  plant  life.  Toward  the  close  of  this  period,  there- 
fore, the  Island  probably  formed  a  mreen  inviting  lake-bordered 
nunatak  rising  out  of  desolate  icy  plains ;  and  it  is  quite  possible 
that  the  Irish  Elk,  and  peihaps  other  animals,  may  have  reached 

*  "  Drifts  of  Flamborough  J  lead  "  op.  cit.,  p.  425. 

'  See  I.  C  Russell,  "Glaciers  of  r^orth  America,"  Boston,  1897,  p.  3. 
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it  W  crossing  the  ice-fields/  just  as  the  mountain-goat,  iot, 
wolf;  and  bear  are  known,  at  the  present  day,  to  traverse  the 
Malaspina  ice-sheet  of  Alaska  for  man^  miles  on  their  way  to 
the  Cnaix  and  Samovar  Hills,  which  m  like  manner  rise  out 
of  surrounding  deserts  of  ice ;  ^  and  as  the  reindeer  crosses  the 
frozen  sea  from  island  to  Island  off  the  Siberian  coast 

The  final  disappearance  of  the  ice-sheet  from  the  vicinity  of 
the  Island  may  L^  considered  as  markims^  the  termination  of  the 
glacial  episode  in  the  stricter  sense,  so  £r  as  this  r^on  is  con- 
cerned, though  the  climate  may  have  remained  for  some  time 
longer  less  clement  than  at  present.    There  was  no  return  of  the 

flacial  conditions,  nor  was  tnere  any  submergence  of  the  area 
encath  the  sea.  The  record  of  the  interval  between  that  time 
and  the  present  is  contained  in  the  fresh-water  alluvial  deposits, 
which  will  be  dealt  \vith  in  the  next  chapter. 


SVKMABT. 

The  main  conclusions  of  the  preceding  pages  may  be  summed 
up  OS  follows : — 

1.  Tlie  sea-basin  surrounding  the  Island  has  been  filled  by  an 

ice-sheet  which,  when  at  its  maximum,  attained  an  elevation 
of  not  less  than  2,000  to  3,000  feet  abovepresent  sea-level  and 
completely  overwhelmed  the  Island.  This  is  proved  by  the 
character  of  the  Glacial  deposits ;  by  their  arrangement  and 
relations  to  the  solid  features;  by  the  glacial  striae  and 
other  forms  of  rock-sculpturing;  and  by  the  transport  of 
the  Insular  and  Extra-Insular  erratic  boulders. 

2.  The  general  direction  of  ice-movement  was  approximately, 

from  north-north-west  to  south-south-east,  bemg  transverse 
to  the  main  hill-ranges  of  the  Island ;  but  there  was  local 
deviation,  probably  in  the  form  of  an  undercurrent,  on  the 
flanks  and  especially  on  the  lee-side  of  the  principal  hill- 
chain. 

3.  The  material  of  the  pre-existing  sea-bottom  was  incorporate 

into  the  lower  layers  of  the  ice-sheet  and  was  redistributed 
by  it  in  the  form  of  shelly  drift.  This  distinguishes  the 
&tra-Insular  deposits  from  the  Insular  drift  of  entirely 
local  derivation,  but  the  two  are  due  to  a  common  and 
contemporaneous  agency. 

»  In  making  this  suggestion  in  a  letter  to  "Nature"  (Jan.  13th,  1898, 
Tol.  Ivii.,  p.  245),  I  8U{3posed  it  to  be  original,  but  find  that  it  had  been 
made  long  previously  in  regard  to  Ireland  by  Dr.  J,  R  Kinahan.  who 
however  believed  that  the  frozen  8e%  and  not  the  ice  sheet,  afforded 
passage  to  the  great  elk.     (See  Q.  H.  Kinahan's  "  Geology  of  Ireland," 

p.  296.) 
«  See  I.  C.  Russell,  Thirteenth  Ann.  Report  U.S.  Geo!.  Survey,  1891-2, 

p.  2G. 
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4.  The  glacial  and  post-glacial   surface-features  are  shown  to 

be  wholly  due  to  glacial,  fluvio-dacial,  and  subaerial  agencies. 
The  sea  nas  had  no  part  in  the  arrangement  of  the  drift 
deposits  either  during  or  since  their  deposition. 

5.  The  facts  indicate  an   uninterrupted   progression   of  events 

fix)m  the  commencement  of  the  riacial  conditions  to 
the  period  of  maximum  glaciation,  ana  thenceforward  to  the 
amelioration  of  the  climate  and  the  disappearance  of  the  ice- 
sheet.  The  sections  offer  no  evidence  for  an  interglacial 
period  in  this  area. 

6.  The  West-British  Ice-sheet  which  surrounded  the  Isle  of  Man 

and  extended  across  the  Irish  sea-basin  to  the  borders  of 
England,  Wales,  and  Ireland,  probably  attained  its  ultimate 
dimensions  mainly  from  the  accretion  of  snowfall  upon  its 
surface,  and  in  only  a  minor  degree  from  the  inflow  of 
tributary  glaciers.  The  mass  attained  its  greatest  thickness 
in  the  area  lying  to  the  north-westward  of  the  Isle  of  Man. 

7.  Duriug  the  closing  stages  of  the  period  the  melting  of  the  ice- 

sheet  in  the  vicinity  of  the  Island  was  relatively  acceler- 
ated at  points  of  contact  with  the  land-drainage,  which  was 
greatly  m  excess  of  that  of  the  present  day.  The  hollows 
thus  formed  between  the  retreating  ice  ana  the  land  were 
temporarily  filled  by  freshwater  lakes.  A  flood-terrace  of 
this  stage  has  yielded  sub-arctic  remains. 

8.  The  Irish  elk  probably  made  its  first  appearance  in  the  Island 

while  a  renmant  of  the  waning  ice-sncct  still  lingered  in  the 
surrounding  basin. 
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CHAPTER  X. 
THE  POST-GLACIAL  AND  RECENT  DEPOSITS. 

Historical  and  Introduotory- 

The  detailed  work  as  yet  done  on  the  Post-glacial  deposits  of 
the  Island  is  scanty ;  and  this  is  the  more  to  he  regretted  since, 
from  the  persistence  of  fresh-water  conditions  in  the  hollows 
described  in  the  last  chapter,  these  alluvial  beds  afford  excellent 
material  for  the  study  of  the  transition  from  g^lacial  to  present 
conditions.  In  certain  localities  in  England  ana  Scotland,  where 
similar  alluvial  deposits  have  been  carefully  examined,  great 
varietv  and  perhaps  alternation  of  climate  is  indicated  diuring  this 
perioa.^  Traces  ot  considerable  changes  are  also  forthcoming  in  the 
Isle  of  Man.where,  as  Cumming  pointed  out,  the  occurrence  of  peat 
with  forest-trees  below  present  sea-level,  on  the  one  hand,  indi- 
cates a  sta^  of  elevation;  while  on  the  other  hand,  the  existence 
of  an  old  oeach  above  that  level  indicates  a  stage  of  depression 
since  Glacial  times,  and  conseMq[uentlv  much  alteration  in  the 
physical  conditions  of  the  district.^  As  will  be  presently  shown, 
it  IS,  however,  somewhat  doubtful  whether  there  has  been  a  land 
connection  with  the  mainland  at  any  period  since  Glacial  times. 

In  the  earlier  descriptions  of  the  Island  the  alluvial  deposits 
received  greater  notice  tnan  in  later  times,  on  account  of  thdr 
relatively  greater  economic  importance  when  the  peat-bogs  afforded 
the  main  source  of  fuel  and  the  marls  were  used  for  agricultural 
purposes.  Bishop  Wilson  mentioned  that  the  peaty  cumgh 
between  Ballaugh  and  Ramsey,  at  one  time  boj^,  had  become, 
since  drained,  one  of  the  richest  parts  of  the  Isuind,  supplyint[ 
'  both  bread  and  fuel  * ;  and  that  in  this  place  had  been  founa 
"  very  largo  trees  of  oak  and  fir,  some  2^  feet  in  diameter  and 
40  feet  long  .  .  .  not  promiscuously,  but  where  there  is  plenty  of 
one  sort,  there  are  generally  few  or  none  of  the  other."  '  Ilenslow 
discussed  the  curraghs  at  considerable  length,  and  noted  that 

Eeat  occurred  also  on  the  tops  and  sides  of  the  mountains; 
esides  oak  and  fir  which,  with  nazels  and  their  nuts,  were  the 
commonest  remains  in  the  peat,  he  recognised  ash,  walnut, 
black-alder,  and  in  one  instance,  in  a  mountain  curragh,  holly; 
he  also  called  attention  to  the  statement  by  SachevereU  (see  p.  16) 
and  Bishop  Wilson  as  to  the  majority  or  the  trees  having  been 
snapped  otl*and  overthrown  with  their  heads  to  the  norm-east; 

»  See  C.  }Wul''Thii  origin  of  the  British  Flora,"  8va  Lond.  1899. 
;^  ''  Mo  of  .Man  ^'  p.  i»ol-2  ;  "Guide-book,"  pp.  171. 
History  of  tne  Isle  of  Man." 


3    (i 


pRKVlOtJS  LmEftATtms.  401 

and  described  the  submerged  forest  in  Poolvash  Bay.^  His 
observations  on  the  elk-beds  at  Ballaugh,  and  those  on  the  same 
subject  by  subsequent  investigators,  were  quoted  in  the  preced- 
ing chapter  (pp.  378-82). 

Cuiuming's  investigations  have  been  already  noted ;  and  since 
his  time,  though  the  old  observations  have  been  frequently  raked 
over,  no  real  addition  was  made  to  our  knowledge  until  the 
appointment  in  1896  of  the  British  Association  Committee  *  to 
examine  the  conditions  under  which  the  remains  of  the  Irish 
Elk  are  found '  (lo.  383). 

As  the  preceoing  account  has  shown,  the  fauna  of  the  Post- 
glacial beds  in  the  Isle  of  Man  is  extremely  limited.  Even  in- 
cluding the  elk-marls  with  these  beds,  the  only  mammal  of  which 
we  have  certain  knowledge  is  Cervus  glyanteus,  with  doubtful 
records  of  Bos  longifrons,  and  the  red  deer  and  horse  (p.  377  and 
p.  384);  while  of  the  camivoraof  this  age  so  frequently  found  on 
the  mainland  no  trace  has  yet  been  discovered.  The  absence  of 
bone-caves  and  lissures  may  be  partly  to  blame  for  this  deficiency ; 
but  it  is  more  readily  explained  by  the  suggestion  of  Mr.  Kendall 
that  the  Island  may  never  have  been  connected  with  the  mainland 
since  the  Glacial  Period.  Mr.  Kendall  was  led  to  this  conclusion 
by  the  striking  poverty  of  the  existing  flora  and  fauna  in  species, 
tnis  poverty  aftecting  the  plants  as  well  as  the  mammals,  reptiles, 
amphibia,  and  fresh- water  fish ;  after  commenting  on  this  fact, 
he  remarks  as  follows : — "  It  seems  to  me  that  this  extraordinary 
poverty  of  truly  indigenous  species  in  so  many  groups  of 
organisms  is  well  worthy  ot  the  carefiil  consideration  of 
naturalists  and  geologists,  for,  while  to  the  former  it  presents 
an  interesting  problem  for  solution,  to  the  latter  it  may  not 
improbably  prove  of  use  as  a  check  upon  some  of  his 
speculations.  For  my  own  part,  taking  this  evidence 
as  it  stands,  the  balance  of  probability  seems  to  weigh  heavily 
against  any  such  complete  connection  with  Great  Britain  as  the 
oit-cited  elevation  of  600  feet  would  establish  ....  «Cnd  it 
seems  to  me  incredible  that  if  this  whole  tract  [of  intervening 
shallow  sea]  had  been  dry  land  during  any  considerable  portion 
of  the  Post-glacial  period,  but  two  out  of  the  thirteen  reptiles 
and  amphibia  which  inhabit  Britain  should  have  made  their  way 
across  to  the  Island ;  that  of  the  strictly  fresh-water  fishes  three 
only  should  have  been  introduced ;  and  of  the  forty  British 
mammals  but  five  should  have  made  their  way  across.  If  a  land 
connection  was  indeed  estabUshed  it  must,  I  think,  have  been  of 
very  small  extent  and  brief  duration."  ^ 

Iji  the  present  state  of  our  knowledge  it  is  hardly  possible  to 
classify  the  Post-glacial  deposits  of  the  Island  strictly  accord- 
ing to  age.  The  only  practicable  method  is  to  group  them 
according  to  their  topographical  position.  Hence  they  will  be 
describea  imder  the  following  heads :    (1)  Raised  Beach  (with 

^  Trans.  Geol.  See.,  voL  v.,  pp.  499-503. 
^  Yn  Lioar  Mannioagh,  vol.  i.,  p.  435. 
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Blown  Sand) ;  (2)  Alluvium  of  the  river-valleys ;  (3)  Alluvium 
and  peat  of  low-level  basins ;  and  (4)  Hill-Peat.  The  general 
distribution  of  the  first,  second,  and  fourth  of  these 
divisions  is  implied  in  their  titles;  the  third  covers  the 
northern  Curragh,  the  western  portion  of  the  central  vallej, 
and  parts  of  the  low  tract  at  the  foot  of  the  hills  between  Castle- 
town and  Port  Erin.  Though  the  first  is  more  restricted  in  age 
than  the  others,  they  are  probably  all  more  or  less  con- 
temporaneous. 

The  IckSs  important  local  details  are  given,  along  with  those  of 
the  Glacial  deposits,  in  the  next  chapter. 

The  Baiaed  Beach. 

This  beach  is  the  only  Post-dacial  marine  deposit  above  preswit 
sea-level  recognisable  m  the  Isle  of  Man.  Its  surface  is  10  or 
12  feet  above  high- water  mark,  or  say  17  to  20  feet  above  the 
Ordnance  datum  of  mean-tide  level  at  Douglas.  It  appears  to  be 
newer  in  age  than  the  older  portion  of  the  fresh-water  baan- 
deposits  (p.  415),  but  older  than  the  latest  of  these.  It  attains 
its  principal  development  in  The  Ayre  at  the  northern  extremity 
of  tne  Island,  where  it  consists  of  a  succession  of  low  storm-beaches 
of  coarse  shingle  derived  from  the  waste  of  the  glacial  deposits, 
partly  covered  by  blown-sand.  It  has  here  a  breadth  of  1 J  miles 
in  its  easterly  part,  but  tapers  away  gradually  westward  to  50 
yards  or  less  (see  also  pp.  417-22). 

In  one  form  or  another  this  Raised  Beach  may  be  recognised 
on  almost  every  part  of  the  coast,  except  where  it  has  been 
destroyed  by  the  rapid  encroachment  of  the  sea,  as  between 
Jurby  and  Kirk  Michael  on  the  west,  and  between  Cranstal  and 
Ramsey  on  the  east.  In  the  deeper  bays  it  often  constitutes  a 
low  terrace  only  just  above  the  reach  of  spring-tide  storm-waves, 
on  which  the  more  ancient  parts  of  tne  seaport  towns  hare 
sometimes  been  established.  In  other  places  it  may  be 
represented  only  by  a  narrow  rock-platform,  occurring  at 
intervals  at  the  foot  of  the  cliffs  slightly  above  the  present 
limit  of  erosion  :  or  by  caves  and  crannies  whose  excavation  is  now 
arrested.  Numerous  examples  illustrative  of  these  different  con- 
ditions will  be  mentioned  in  the  next  chapter.  Its  shells,  which 
are  locally  abundant,  are  those  of  the  existing  sea.  It  appears 
to  surround  the  Island  without  perceptible  difference  of  level 

The  current  belief,  acquiesced  in  by  Berger,^  Henslow,-  and 
Ciuiiming,^  and  based,  no  doubt,  on  the  &esh  aspect  of  the 
shinj^lo,  is  that  the  Ayre  beach  is  still  Rowing  rapidly  seaward 
by  aclditions  to  its  margin  (Border  mentioned  two  yards  in  a  year 
as  the  reported  rate,  while  Henslow  thoujght  this  should  be 
reduced  by  one-half),  but  the  idea  appears   to    be   unfounded 

^  Trans.  Geol.  Sec.,  vol.  ii.,  p.  24. 
*  Trans.  Geol.  Soc.,  vol.  v.,  p.  504. 
'  "  Isle  of  Man,"  p.  224. 
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In  most  places  it  is  clear  from  the  character  of  its  margin  that 
some  degree  of  erosion  has  taken  place,  especially  at  the  Point 
of  Ayre,  where  the  old  straight-ruled  storm-ridges  stretching 
W.S.W.  to  E.N.E.  are  sharply  tnmcated  by  the  magnificent 
crescent  of  the  present  storm-beach  curving  boldly  round  the 
Point.  At  this  place  old  plans  of  the  lighthouse  show  that 
there  has  been  no  gain  during  the  past  century  (see  p.  417); 
and  in  several  locahties  farther  westward  where  the  beach  was 
recently  paced,  there  has  been  no  increase  since  the  six-inch 
Ordnance  map  Avas  made  nearly  thirty  years  ago. 

We  gain  a  valuable  clue  to  the  approximate  age  of  this  beach 
in  the  presence  of  NeoUthic  chipped  flints  on  its  surface  in 
places.  The  shingle  seems  to  have  been  resorted  to  by  the 
ancient  inhabitants  for  the  sake  of  its  pebbles  of  flint  derived 
from  the  drift,  which  have  sometimes  been  struck  into  flakes 
on  the  spot.  So  far  as  I  coiUd  discover,  after  a  search  which 
may  perhaps  have  been  insufficient,  these  flakes  though  plentifiil 
here  and  tnere  on  the  inner  part  of  the  beach  do  not  occur  on 
its  outer  portion.  Thus  opposite  Ballagenney,  where  the  beach 
is  about  1,100  yards  wide  and  in  many  places  bare  of  blown 
sand,  I  found  the  chips  as  far  outward  rrom  the  old  cliff  as 
700  yards,  but  in  the  remaining  400  yards  could  detect  none. 
Moreover,  a  little  farther  westward,  I  found  in  the  outer  part  of 
the  beach  a  single  artificial  flake  which  had  been  partially  worn 
down  by  marine  attrition,  and  must  therefore  have  been  in 
existence  as  a  flake  during  the  accumulation  of  this  portion  of 
the  beach.  Between  Rue  Point  and  Blue  Point  I  found  these 
chips  also,  in  one  place,  in  the  blown-sand  covering  the  inner 
part  of  the  old  shore.  These  facts  denote  that,  at  any  rate, 
part  of  the  platform  was  in  existence  in  Neolithic  times,  but 
that  it  may  not  have  attained  its  full  breadth  until  after  the 
close  of  that  period. 

The  development  of  the  Ayre  beach  has  been  due  to  strong 
currents  and  prevalent  winds  causing  the  eastward  transference 
of  material  derived  from  the  rapid  waste  of  the  west  coast, 
and  to  its  accumulation  as  a  broad  fan  under  the  shelter  of  the 
northern  cliff'-line,  at  a  time  when  slow  elevation  was  in  progress. 
The  storm-beaches  formed  during  elevation  will  not,  ot  course, 
be  so  liable  to  re-arrangement  by  later  storms  as  those  of  a 
stationary  period  like  the  present.  The  method  of  its 
accumulation  is  shown  by  the  arrangement  of  its  coarse  shingle 
ridges,  which  lie  parallel  to  each  other,  and  have  evidently 
been  piled  up  successively  at  full-tide  mark. 

Gumming  was  of  opinion  that  the  elevatory  movement  might 
still  be  in  progress  ;^  out  for  this  there  seems  no  evidence ;  and 
the  relation  of  the  modern  river-alluvium  to  the  present  beach 
at  the  mouths  of  the  principal  streams,  at  Ramsey,  Laxey, 
Douglas,  Peel  and  Castletown,  is  even  suggestive  of  a  slight 
depression. 

1  "Isle  of  Man,"  p.  252  ;  "  Guide  Book,"  p.  171. 
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The  Raised  Beach  formed  a  definite  stage  in  the  Post-glacial 
history  of  the  Island,  and  indeed  probably  in  that  of  the  whole 
surrounding  sea-basin,  as  an  elevatm  margin  of  similar  character 
occurs  at  aoout  the  same  height  in  the  east  of  Ireland,^  and, 
slightly  higher,  in  the  south-west  of  Scotland,*  and  the  north-west 
of  England.* 

The  absence  of  the  higher  beaches  which  are  found  in 
Western  Scotland  (and  in  Ireland  ?)  is  noteworthy,  and  the  whole 
subject  deserves  closer  investigation.  It  seems  not  impossible 
that  the  waning  West-British  ice-sheet,  shielded  in  its  later 
'piedmont'  stages  by  the  piles  of  debris  concentrated  on  its 
surface,  may  have  lingerea  longer  in  its  enclosed  basin  than 
on  the  more  open  shores  to  the  northward,  and  may  have  ob- 
stiiicted  the  return  of  the  sea  until  a  later  period.*  But 
differential  uplift,  increasing  northward,  has  probably  also 
taken  place ;  and  this  alone  may  be  the  explanation  of  the 
jEacts.  The  tracing  of  this  particular  beach  northward  on  the 
mainland  could  scarcely  fail  to  give  results  of  interest. 


Blown  Sand. 

The  chief  development  of  Blown-sand  in  the  Island  is  on  the 
inner  belt  of  the  Ayre  Raised  Beach,  where  it  covers  the  shingle, 
sometimes  evenly  and  sometimes  in  dunes.  By  heavily  dressing 
the  sand-covered  surface  with  clay  obtained  from  the  adjacent 
old  cliff  of  drift,  some  portions  of  this  waste  have  been  reclaimed 
and  cultivated  (p.  418).  Although  the  sand  is  still  in  motion, 
its  principal  accumulation  must  have  tAken  place  long  ago,  as 
shown  by  the  Neolithic  flint  chips  which  lie  in  or  upon  it,  on  Tlie 
A}Te  a3  alreiidy  mentioned,  and  also  at  Ramsey  (p.  430)  and  at 
Ballakinnag,  near  Ballaugh ;  as  well  as  by  its  having  been  used  for 
raising  a  pre-historic  tumulus  at  Cronkbreck  near  The  Lhen.  Its 
distribution  indicates  that  the  prevalent  winds  have  been  froui 
the  westward  ever  since  the  period  of  the  Raised  Beach.  In 
that  quarter    it  covers   the    whole  platform,  in    places    even 

Sartly  burying  the  ancient  cliff  and  invading  the  margin  of  the 
rift-plateau  above ;    while  farther  eastward  it  breaks  up  into 
small  travelling  dunes,  leaving  much  of  the  shingle  uncovered 

The  narrow  strip  of  Blown-sand,  usually  from  6  to  10  feet 
thick,  which  crests  the  high  cliffs  of  drift  for  two  miles  northward 
from  Orrisdale  Head,  presents  some  pecuUar  features.  It  is 
derived  entirely  from  the  winnowing   of  the  stratified  glacial 

*  G.  H.  Kinahan,  "  Geology  of  Ireland,"  p.  262. 

^  Mems.  Geol.  Survey  of  Scotland  :  Explans.  of  sheets  1. 2, 3,  4^  5,  7,  and  9. 
'  T.  V.  Holmes,  Mem.  Geol.  Survey,  **  Country  arouna  Carlisle,'*  p.  49  ; 
see  also  C.  E.  De  Kance,  Quart.  Joum.  Geol.  Soc.,  xxvi.  (1870Jj^  p.  656. 

*  On  parts  of  the  coast  of  Alaska  the  sea  is  kept  back  in  tins  manner  at 
the  present  day  •  and  a  rich  growth  of  vegetation,  including  forest  trees,  has 
estanlished  itself  upon  the  morainic  material  which  thickly  covers  the 
surface  of  the  ice.  (See  I.  C.  Russell's  description  of  the  Malaspina  Glacis 
in  13th  Ann.  Rep.  U.S.  Geol.  Survey,  pp.  19-21.) 
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deposits.  The  cliffs,  ranging  up  to  100  feet  or  more  in  height, 
have  boulder-clay  at  the  base  (see  Fig.  104,  p.  424)  with  much 
incoherent  sand  and  gravel  above,  and  weather  into  long 
talus-slopes  at  about  the  angle  of  rest  of  the  loose  substances. 
Up  these  slo{)es  the  on-shore  gales  sweep  with  great  violence, 
forming  a  veritable  sand-blast,  oy  which  the  top  of  the  cUff  is 
notched,  the  sand  being  dropped  in  the  aerial  eddy  on  the  crest. 
Not  sand  alone,  but  flat  pebbles  an  inch  or  two  in  size,  are 
sometimes  carried  up  by  this  agency.^  In  this  manner,  though 
the  cliff-line  is  receding  rapidly  under  marine  encroachment,  it 
maintains  a  permanent  sana-cap. 

Precisely  similar  is  the  Blown-sand  at  a  still  higher  elevation 
on  Point  Cranstal  at  the  opposit^e  side  of  the  Island,  though  as 
east  winds  are  less  frequent  than  west  winds,  its  extent  is  not  so 
great. 

In  the  south,  minor  tracts  of  Blown-sand,  derived  from  the 
sandy  shores  of  adjacent  bays,  are  found  at  Castletown  and  on 
the  isthmus  leading  to  Langness ;  and  at  Kentraugh  3  miles 
farther  westward. 

Alluvium  of  the  Elver-Valleys. 

The  present  inert  condition  of  the    Manx   rivers  has  been 

Sreviously  commented  on  (Chap.  I.,  p.  10),  and  their  alluvial 
eposits  practically  all  belong  to  conditions  no  longer  exist- 
ing. Owmg  to  the  small  size  and  rapid  fall  of  the  streams, 
the  valley-bottoms  are  usually  so  narrow  that  in  order  to  show 
their  alluvial  terraces  on  the  1-inch  map  it  has  often  been 
necessary  to  exaggerate  their  actual  breadth. 

The  presence  oi  "  flat  terraces  of  rubbish  "  in  some  of  the 
mountam-valleys  was  noticed  by  Macculloch,  who  recognised, 
from  their  prolongation  on  the  lower  slopes  of  the  hills  and  on 
low  grouncC  that  these  could  not  be  assigned  to  ordinary  fluviatile 
action.^  Cumming  classed  such  high-level  terraces  along  with 
the  general  drift  of  the  hill-sides,  as  Diluvium ;  and  accounted 
for  them  as  accumulations  "  of  an  arctic  cUmate  existing  at  the 
period  of  the  formation  of  the  boulder-clay  [of  the  lowlands]."^ 
To  understand  the  position  and  mode  of  formation  of  these 
terraces,  which  overlie  the  drift  at  heights  ranging  up  to  100 
feet  or  more  above  the  present  streams,  we  must  go  back  in 
unaffination  to  the  time  wnen  the  ice-sheet  first  sank  away  from 
the  nills,  as  described  in  the  last  chapter.  Most  of  the  hollows 
were  then  left  deeply  banked  with  local  till  and  the  slopes 
encumbered  with  slaty  detritus ;  but  the  pre-glacial  valley  system 

^  On  the  northern  side  of  Flamborough  Head  I  have  found  i)laty  fragments 
of  chalk,  up  to  4  or  5  icches  x  3  inches  x  1  inch,  which  have  been  uplifted 
not  less  than  40  or  60  feet  by  the  wind  under  similar  conditions.  These 
wind-driven  materials  form  an  exception  to  the  general  rule  that  denuda- 
tion acts  in  the  direction  of  gravity. 

»  "  Western  Isles,"  vol.  il,  p.  526. 

^  Quart.  Joum.  Geol.  Soc.^  vol  iL,  p.  34L 
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had  not  been  disturbed,  and  the  flooded  streams  resumed  their 
old  courses,  though  generally  at  a  considerable  height  above  their 
former  rocky  beds.  Wherever  the  flow  of  sucn  streams  was 
arrested,  part  of  their  load  was  discarded ;  and  soon  the  boulder- 
clay  of  the  vallevs  was  overspread  with  sheets  of  subanc^r 
ruSble  amid  whicn  the  streams  shifted  perpetunlly  to  ana  fro, 
like  the  rivers  of  Iceland  nowadays.^ 

But  the  main  streams  soon  trenched  for  themselves  more 
confined  channels  in  the  boidder-clay ;  and  in  doing  so,  aban- 
doned the  higher  platforms,  and  built  up  others,  of  more  limited 
dimensions,  at  successively  lower  levels ;  until  at  last  the  old  rock- 
floor  of  the  valley  was  reached.  Meanwhile  ever}^  stream  was 
laden  to  the  full  extent  ofits  carrying  power,  so  that  quantities  of 
slaty  debris  out  of  all  proportion  to  the  size  of  the  valleys  was 
spread  out  in  fans  and  bars  aroimd  the  foot  of  the  hills  in  the 
manner  alread}^  described.  In  this  wa^  we  may,  without 
ditficulty,  explain  all  the  phenomena  of  Manx  valfoy-deposits. 
The  regular  descent  with  the  valley  which  characterizes 
the  terraces  shows  that  they  cannot  be  assigned  either  to  mnrine 
action  or  to  ice-dammed  fresh-water  lakes,  but  are  truly  fluvia- 
tilo.  The  higher  of  them  may  therefore  be  regarded  as  flood- 
gnivels  of  Late-glacial  times,  equivalent  to  the  gravel-platforms 
fringing  the  Curragh  and  other  depressions,  and  they  have  been 
thus  cliissified  on  the  published  map  where  broad  enough  to  be 
separately  distinguished. 

With  the  dwindling  of  the  rivers  as  time  went  on,  the  alluvial 
flats  of  the  re-excavated  channels  became  more  and  more 
restricted,  and  the  material  carried  to  the  mouths  of  the  vallevs 
less  and  less  in  quantity ;  imtil  the  present  conditions  were 
rea<»hed,  in  which  the  streams  even  at  flood  can,  for  the  niosi 
nart,  only  struggle  feebly  with  the  ancient  detritus  in  their  beds. 
In  their  lower  reaches,  this  enfeeblement  may  be  due  in  part  to 
the  artificial  robbery  of  their  power  for  purposes  of  mining, 
milling  and  water-supply ;  but  the  fact  that  the  heads  of  the 
glens  generally  have  their  banks  grass-covered,  even  where 
formed  of  easily  erosible  drift,  and  their  bottoms  mere  mossy 
bogs  if  not  actually  dry,  is  indisputable  testimony  of  the 
changed  conditions. 

Alluvium  of  the  Curragh  Basins. 

The  early  history  and  evolution  of  the  great  hollow  at 
the  foot  of  the  slate  hills  have  been  recorded  in  the 
preceding  chapter,  and  it  is  only  with  the  later  phases 
that  we  have  now  to  deal.  In  the  wider  sense  the  depression 
extends  southward  up  to  the  ancient  clifl-line  of  the  solid  rocks 
(p.  ()),  and  northward  and  westward  up  to  the  steep  bank  which 
marks  the  edge  of  the  upper  platform  of  drift  (pp.  434  and  4.S7). 

*  Dr.  Tempest  Anderson.   Proc.  Yorks.  Geol.  and  Polytech.  Soc.,  vol.  xiL, 
pt.  ii.  (1892),  p.  165. 
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But  the  broad  firingo  of  flood-deltas  and  terraces  of  Late- 
elacial  ago  which  have  been  thrown  into  it,  especially  in  the  west, 
nave  restricted  the  more  recent  alluvium  to  its  central  portion ; 
and  even  in  this  part  the  flood-gravels  stretch  out  from 
all  sides  in  low  banks  and  spurs  which  separate  the  tract 
into  a  series  of  more  or  less  confluent  basins  dittering  somewhat 
in  level.  The  most  westerly  of  these  basins  is  the  p'jaty 
depression  under  the  foot  of  Gob  y  Volley,  one  mile  west  of 
Sulby,  at  present  the  boggiest  tract  of  the  whole  Curragh; 
though  its  surface  in  the  lowest  part  is  about  36  feet  above 
O.D.  and  15  to  20  feet  higher  tnan  the  easterly  basin.  Its 
infilling  is  principally  peat  oi  considerable  thickness,  which  has 
been  extensively  dug  for  fuel ;  it  is  bounded  on  the  west  by  the 
slaty  gravels  from  Glen  Dhoo  and  on  the  east  by  a  partly  buried 
spur  of  similar  gravel  from  Sulby  Glen.  It  drains  to  the  "west 
coast  through  an  artificial  trencn  leading  into  the  KiUane  River, 
but  might  as  readily  have  been  connected  with  Lhen  drainage 
going  northward,  or  with  that  going  eastward  to  Ramsey ;  and  the 
same  alternatives  exist  for  all  the  western  portion  of  the  Curragh. 

Another  partly  independent  basin  at  about  the  same  elevation 
lies  around  the  southern  end  of  the  Lhen  and  extends  westward 
in  a  narrow  strip  towards  the  Killane,  having  on  all  sides  an 
ill-defined  boundary  on  the  gentle  slopes  of  the  sandy  portion  of 
the  Late-glacial  platform  (p.  435) ;  it  contains  but  little  true  peat, 
its  alluvium  consisting  chiefly  of  peaty  sand,  with  a  little  gravel 
towards  the  margin.  This  appears  to  be  the  site  of  the  *  Balla 
Lough '  of  ancient  maps  (p.  408) ;  it  is  now  drained  and  cultivated, 
part  of  its  water  going  into  the  Killane  and  part  into  the  Lhen. 

The  large  irregular  hollow  farther  to  the  eastward  constitutes 
the  chief  portion  of  the  Curragh.  It  is  the  tract  over  which 
the  Sulby  river  has  once  expanded  after  leaving  the  hills 
and  before  finding  its  northward  outlet  by  the  Lhen ;  indeed,  if 
it  were  not  for  the  barrier  of  flood-gravel  opposite  the  mouth  of 
Sulby  Glen,  which  now  dams  out  the  river  and  diverts  it  cast- 
ward,  the  hollow  would  still  receive  this  water,  its  surface  being 
for  the  most  part  20  feet  or  more  below  the  level  ot  the  river  at 
the  barrier.  There  are  traces  of  a  dry  channel  across  the  gravel- 
bar,  200  yards  east  of  Sulby  Church,  which  probably  denotes  a 
comparatively  recent  overflow  of  the  flooded  Sulby  into  this 
part  of  the  diirragh ;  three-cjuarters  of  a  mile  farther  east,  where 
the  barrier  sinks,  the  river  still  occasionally  overfloAvs  into  another 
portion  of  the  depression.  The  subsoil  of  the  tract  is  variable, 
consisting  mostly  of  peaty  sand  towards  the  northern  margin, 
where  the  drift-slopes  disappear  very  gradually  beneath  the 
alluvium  ;  and  in  other  places  often  of  blue  silt  or  mud  (no 
doubt  the  finer  waste  of  the  slate-recks),  which  frequently  over- 
lies peat  containing  large  trees  (see  p.  439).  The  presence  of  this 
forest-peat  shows  that  the  area  cannot  have  been  continuously 
submerged,  and   may  betoken  a    period   during  which,  as  at 

§  resent,  the  river  failed  to  cross  the  barrier,  with  a  return  of 
Qod-water  conditions  at  a  later  stage.    The  general  level  of  the 
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surface  in  this  part  of  the  Curragh  is  a  little  over  30  feet 
above  O.D.,  with  a  rise  of  several  feet  toward  the  mouth 
of  the  Siilby.  East  of  Closechyrrim,  irr^ular  islands  of 
dry  sandy  ground,  probably  elevations  of  the  underlyiDg 
uneven  drift-surface,  rise  above  the  alluvial  flat,  and  lonn 
a  partial  barrier  separating  the  Sulby  Curragh  from 
that  of  Lezayre,  which  is  on  an  average  10  feet  lower  in  levd, 
or  about  20  feet  above  O.D.  The  latter  depression  expaiub 
northward  into  an  einbayment  which  appears  to  correspond  to 
the  *  Malar  Lough  *  of  ancient  maps,  and  in  part  to  the  *  Lake 
Mirescogh '  of  the  still  more  ancient  chronicle  (p.  439).  The  chief 
drainage -channels  of  the  Andreas  drift-platform  now  termioate 
in  this  ombayment,  which  forms  a  flat  alluvial  meadow,  underlain 
for  tlie  most  part  by  greyish  or  bluish  marl  or  sandy  silt,  with 
peat  in  a  few  places  only. 

This  flat  is  bounded  sharply  on  the  east  by  higher  sandy 
and  gravelly  drift-ground,  which  rises  to  over  90  feet  above 
O.D.  near  the  coast  at  North  Ramsey,  while  on  the  south  the 
alluvial  basin  is  encroached  upon  by  the  delta-platform  of  slaty 
gravel  lying  around  the  mouth  of  Glen  Auldyn.  The  tongue 
of  alluvium  thus  narrowed  is  continued  along  the  course  of 
the  Sulby  River  eastward  into  Ramsey  Harbour,  where  we  find 
that  it  merges  insensibly  into  the  Raised  Beach  (p.  440),  though 
the  sediments  remain  of  fresh-water  type  close  •  up  to  the  town 
and  within  reach  of  high  spring-tides. 

In  reviewing  the  facts  in  regard  to  the  Curraghs  as  a  whole, 
it  becomes  evident  that  after  the  shrinking  back  of  the  ice-sheet 
from  the  immediate  vicinity  of  the  island,  the  lake  which  had 
occupied  the  depression  up  to  the  40ft.  level  found  a  fresh  outlet 
eastward,  and  sank  until  its  waters  could  no  longer  flow  into  the 
Lhen  channel.  Ridges  and  islands  of  dry  land  then  emerged  and 
broke  up  the  water-surface  into  separate  shallow  basins,  draining 
irregularly  into  each  other,  with  a  general  fall  eastward.  The 
area  of  these  lakelets  varied  greatly  according  to  the  season,  only 
a  few  limited  patches  being  permanently  submerged.^ 


^haloner  of  1656,  reproduced  by  Hibbert  (Edinb.  Joum.  Sc., 
vol.  iii.,  pi.  n.)  show  three  lakes  on  the  northern  plain,  viz.,  one  to 
the  west  of  Andreas,  draining  to  the  Lhen;  the  second,  named 
Balla  Lough,  to  the  north  of  JBallaugh,  draining  to  the  west  coast 


Ramsey.     Owing 
of  the  mans  these  locahties  are  not  easy  to  identify,  but  the 
second   and    tliird,    as   pointed  out   above,   probably   occupied 

1  Exactly  analogous  conditions  prevailed  at  this  period  in  Holderness  in 
East  Yorkshire.  See  Mem.  Geol.  Survey,  "  Holderness,"  p.  77  &nd  Proa 
Yorks.  Geol.  and  Polytechn.  Soc.,  vol.  viii.  (1883),  p.  249.  ' 
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respectively  the  western  and  eastern  portions  of  the  Curragh, 
while  the  lirst  seems  to  have  been  an  extension  of  the  present 
Lwagh  Mooar  (p.  432).  Lake  Myreshaw,  or  Mirescogh  of  the 
olifer  records  (see  Gumming,  "Isle  of  Man/'  p.  216),  with  its 
three  islands,  was  probably  an  earlier  condition  of  Malar  Lough 
when  its  waters  extended  up  to  the  Sulby  River. 

That  these  lakes  were  in  existence  in  Neolithic  times  is  indi- 
cated bv  the  occasional  discovery  of  implements  of  that  age  under 
the  old  alluvium,  as  recorded  by  Gumming  in  the  following 
note : — "  In  some  portions  of  the  drained  Curragh  have  been 
found  stone  celts  and  other  relics  of  more  ancient  tunes,  such  as 
coracles  which  were  probably  sunk  in  these  ancient  lakes.  I 
have  in  my  possession  a  celt  of  the  simplest  kind,  found  under  the 
peat  on  the  edge  of  the  Gurragh  near  East  Nappin.  In  a  meadow 
adjoining  Close  Mooar,  the  property  of  Professor  E.  Forbes, 
were  found  a  short  time  ago  a  stone  axe  and  sharpening  or  edge 
stone,  a  few  feet  asunder.  They  lay  upon  a  bea  of  fine  sand, 
covered  over  with  a  stratum  about  4  feet  thick  of  peat-trunks 
of  oak  trees,  etc.,  and  over  the  peat  was  a  bed  of  blue  alluvial 
cW  to  the  depth  of  3  or  4  feet."    (Op.  cit.  p.  216,  footnote.) 

There  are  several  small  alluvial  hollows  and  flood-basins  in 
the  drift-platform  to  the  north  of  the  Curragh  which  are  suffi- 
ciently described  in  the  chapter  of  local  details  (p.  434-7) ;  others 
of  still  smaller  dimensions  occur  in  the  curious  depression 
between  Port  e  Myllin  and  Port  Mooar  south  of  Ramsey  (p.  444), 
and  near  the  west  coast  south  of  Orrisdale. 

Alluvinm  of  the  Central  Valley.  ^ 

Much  of  the  alluvium  which  covers  the  floor  of  the  central 
valley  throughout  the  greater  part  of  its  course  can  scarcely  be 
assigned  to  ordinary  fluviatile  action.  The  original  preglacial 
excavation  of  this  valley  by  streams  flowing  respectively  east  and 
west  from  the  central  hill-range  has  been  discussed  in  an  earlier 
chapter  (I.,  p.  8).  The  ice-sheet  deposited  thick  masses  of  drift 
in  the  hollow,  of  which  that  west  of  St.  John's  is  mainly  of  the 
extra-insular  type,  while  that  east  of  Greeba  is  chiefly  of  local 
origin. 

Upon  the  withdrawal  of  the  ice,  this  infllling  material  under- 
went active  erosion  by  the  swollen  waters  from  the  hills ;  and  was 
constantly  being  scooped  out  in  one  place  and  redeposited  in 
another,  until  it  reached  the  temporary  lakes  which,  in  this  area 
as  in  the  Northern  Gurraghs,  were  formed  from  time  to  time  in 
ditlerent  parts  of  the  vaDey  and  emptied  again  as  both  eastern 
and  western  outlets  deepenc^i.  The  waters  outpouring  westward 
during  the  later  stages  missed  the  original  valley  for  a  short  space 
at  Glenfaba,  \  mile  S.  of  Peel,  and  cut  a  new  gorge  through 
slate  and  conglomerate,  the  preglacial  channel  probably  lying  a 

*  Berger  used  the  designation  "Glen  of  Mullin-y-Clilea "  for  this  valley, 
from  the  hamlet  of  that  name  near  St.  John's,  out  the  term  if  ever  m 
common  uae  is  now  forgotten.    Trans.  G^.  Soc.,  vol.  iL,  p.  33. 
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little  farther  eastward  (p.  457).  The  check  which  this  accident 
gave  to  the  rate  of  erosion  led  to  the  development  of  a  wide 
alluvial  flat  above  the  barrier.  This  flat  is  fringed  on  both  sides 
by  successive  terraces,  the  highest  of  which,  like  those  of  the  Cur- 
ragh,  probably  date  back  to  the  period  immediately  subsequent 
to  the  retirement  of  the  ice-sheet,  while  the  lower  deposits  carry 
on  the  record  through  Late-glacial  and  Post-glacial  times,  down 
to  the  institution  of  artihcial  drainage  at  dates  within  the 
reach  of  history.  To  unravel  the  sequence  of  events  in  this 
tract  as  fully  as  it  deserves  would  have  required  longer  time  than 
could  be  devoted  to  it  during  the  present  survey,  especially  as 
the  lack  of  contours  on  the  Ordnance  map  would  have  greatly 
impeded  such  work.  While,  therefore,  the  separate  terraces  have 
been  indicated  as  far  as  possible  on  the  published  map,  either  as 
"  Glacial  platforms  of  sand  and  gravel "  or  as  "  Late-glacial 
Flood-gravels,"  it  is  not  unlikely  that  different  portions  of  the 
same  or  contemporaneous  terraces  may  have  lost  their  identity 
on  the  map. 

As  in  other  parts  of  the  Island,  the  chief  deposits  of  gravel 
fonn  deltas  around  the  mouths  of  the  tributary  valleys  which 
open  into  the  depression.  Hence  the  lai^est  is  found  near 
St.  John's,  where  the  Neb  River  comes  in  from  the  north  and 
the  Foxdale  River  from  the  south,  the  united  deltas  having 
apparently  constituted  a  barrier  across  the  valley  which  held  up 
a  narrow  lakelet  extending  back  to  the  col  at  Greeba,  2  miles 
farther  east.  The  village  of  St.  John's  stands  on  the  highest 
terrace  (coloured  pink  on  the  map)  at  150  feet  above  O.D.  A 
large  sand-pit  in  this  terrace  east  of  the  railway-station  shows 
6  iQGt  of  rough  slaty  gravel  with  a  few  foreign  pebbles,  resting 
on  20  feet  of  cross-bedded  sand  containing  crumbs  of  marine 
shells.  Traces  of  a  similar  terrace  exist  here  and  there  on  both 
sides  of  the  valley  farther  east ;  and  during  its  accumulation 
there  was  probably  an  overflow  across  the  Greeba  watershed,  but 
whe!iher  from  west  to  east  or  from  east  to  west  has  not  been 
determined. 

A  lower  terrace  occurs  on  both  sides  of  the  Neb  where  it  joins 
the  n\ain  valley,  at  an  elevation  of  110  feet  above  O.D.,  failing 
westward  to  90  feet  or  under  on  the  northern  side  of  the  flat 
before  ending  off*  against  the  steep  drift-bank  east  of  Glenfaba. 
The  little  boggy  basin  which  yielded  the  elk-remains  at  Closc-y- 
Garey  (p.  384)  and  other  similar  basins  in  the  c' rift-plateau  at 
Ballalough  drain  down  to  this  terrace,  which  has  been  mapped 
as  of  Late-glacial  age.  On  the  opposite  side  of  the  valley, 
around  Kirk  Patrick  and  Ballamoore,  we  find  traces  of  seveikl 
terraces  rising  step  by  stop  from  40  to  50  feet  above  O.D  at  the 
river-flat,  to  110  feet  at  Kirk  Patrick.  The  highest,  which  has 
been  coloureii  on  the  map  as  *  glacial  *  (pink),  runs  up  into  the 
depression  leadhig  into  Glen  Meav  (p.  458)  and  probably  indicates 
a  former  inflow  or  outflow  through  the  gap,  but  nas  been  partially 
destroyed  by  later  erosion.  The  little  streams  descending  the 
steep  northern  slopes  of  Slieau  Whuallian  have  each  their  ddta 
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ol  flood-gravel,  associated  with  one  of  the  higher  terraces ;  and 
these  have  been  cut  into  on  the  subsequent  lowering  of  the  main 
valley.  Similar  features  are  seen  at  mmierous  points  farther 
east,  and  are  the  outcome  of  conditions  which  have  been 
described  on  a  previous  page  (p.  40(5). 

As  the  present  river-flat  nses  eastward  towards  the  confluence 
of  the  Neb  and  Foxdale  streams,  there  attaining  a  level  of 
100  feet  above  O.D.,  the  lower  terraces  merge  into  it  and  are  no 
longer  seen.  The  gravel-dam  athwart  the  valley^  at  St.  John's  is 
notched  by  a  trench  30  to  50  yards  wide,  now  artificiallv  deepened, 
which  permits  the  outflow  oi  the  arrested  drainage  above,  where 
in  ancient  times  lay  the  boggy  lake  of  Curraghglass,  in  which, 
according  to  Gumming,  it  was  the  custom  to  plunge  persons 
accused  of  witchcraft.^  Though  drained,  the  bottom  of  the  valley 
between  this  point  and  Greeba  is  still  for  the  most  part  boggy,  and 
its  alluvium  consists  of  silt  and  peat,  indicative  of  stagnant  water. 
Its  surfitce  is  now  at  from  135  to  about  155  feet  above  sea- 
level  ;  there  is  no  evidence  as  to  the  depth  of  the  superficial 
deposits  upon  the  old  rock  floor,  but  it  must  be  considerable. 

In  the  Greeba  pass  the  alluvial  flat  contracts,  and  at  the 
same  time  begins  to  assume  a  gradual  fall  eastward.  At  the 
constriction  it  ends  off  on  botn  sides  against  steep  slopes  of 
slate  or  drift,  without  terraces  excepting  at  the  mouths  of  the 
tributary  waters  which  unite  to  form  the  River  Dhoo,  presenting 
characters  more  akin  to  those  of  an  ordinary  river-nat,  except 
that  its  size  is  altogether  disproportionate  to  its  present  drainage. 
The  Ordnance  map  marks  a  level  on  its  floor  opposite  Cregbeg 
with  an  altitude  of  140  feet ;  another  on  the  road  across  it  at 
EUerslie,  1 J  miles  lower  down,  117  feet;  and  the  100-foot  contour^ 
crosses  it  i  mile  below  the  EUerslie  road. 

An  expansion  of  the  valley  in  the  last-mentioned  neighbour- 
hood, down  to  the  constriction  west  of  Union  Mills,  may  have 
been  occupied  by  a  temporary  lakelet.  Its  alluvium  consists 
of  4  to  6  feet  oi  silt  with  peaty  layers  towards  the  base,  rest- 
ing on  slaty  gravel.  Down  to  this  point  the  present  River 
Dhoo  is  confined  in  a  more  or  less  artificial  channel  trenching 
the  old  flat ;  but  after  leaving  this  basin  it  has  a  natural  course, 
with  a  more  rapid  fall,  and  down  to  its  junction  with  the  Glass 
near  Douglas  is  bordered  by  narrow  strips  of  the  usual  stream- 
alluvium.  It  is  interesting  to  find,  however,  that  in  this  lower 
fart,  terraces  of  flood-gravel  reappear — at  first,  ^  mile  west  of 
Fnion  Mills,  at  about  100  feet  above  O.D.  and  not  much  above 
the  level  of  the  alluvium,  but  as  usual  with  these  tciTaces,  fall- 
ing less  rapidly  than  the  present  valley-floor,  and  therefore 
gradually  rising  hierher  above  it.  The  terrace  is  confined  to  the 
north  bank  at  Union  Mills,  but  sets  in  on  the  opposite  side  also 
below  that  place ;  and  continues,  with  slight  interniptions,  to  the 

1  "  Isle  of  Man,"  p.  182. 

'  The  six-inch  Ordnance  map  is  contoured  at  100  feet  intervals,  up  to 
1,000  feet  only,  in  the  parishes  of  Braddan,  Onchan,  Marown,  Lonan,  and 
^ntcn,  but  not  elsewhere  in  the  Island. 
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outskirts  of  Douglas.  Small  pits  have  been  opened  upon  it  on 
both  sides  of  the  valley  below  Snugborougb,  revealing  rough 
slaty  gravel,  loamy  in  places,  with  beds  of  sand  and  a  sprinkling 
of  foreign  stones.  It  corresponds  in  all  respects  to,  and  is  indera 
apparently  conterminous  with  the  upper  or  Late-glacial  terrace 
of  the  Glass  valley  above  its  confluence  with  the  Dnoo  (p.  456). 
Since  the  level  at  which  this  flood-terrace  sets  in  below  the 
constriction  so  n'*arly  corresponds  to  that  of  the  flat  floor  of  the 
valley  above,  where  no  terrace  is  seen,  it  seems  highly  probable 
that  the  alluvial  flat  between  Union  Mills  and  Ellerslie  may  itself 
represent  the  terrace,  covered  by  more  recent  lacustrme  or 
fluviatile  sediments. 

Alluvinm  of  the  Southern  Lowland. 

In  the  low  ground  at  the  foot  of  the  hills  in  the  south  of  the 
Island  many  of  the  phenomena  of  the  Curragh  depression  of  die 
north  are  repeated,  though  on  a  smaller  scale;  and  may  be 
similarly  explained  as  the  result  of  the  more  rapid  molting  oi 
the  ice  where  impinged  upon  by  land-draina^  during  the 
closing  stages  of  the  Glacial  reriod.  Gravel  plattorms  derived  in 
part  from  the  ice-sheet  and  in  part  from  the  hills,  occupy  much 
of  the  tract  (pp.  470-2),  while  in  the  shallow  depressions  upon  and 
around  them  later  alluvial  deposits  have  collected.  Of  these, 
the  alluvial  strips  along  the  courses  of  the  Silverbum  and  the 
Colby  do  not  differ  much  from  ordinary  river-flats,  though  in 
places  expanding  to  a  greater  breadth  than  such  small  streams 
could  have  produced  under  present  conditions.  On  the  plain 
between  these  rivers  are  two  separaie  depressions  which  appear 
to  have  been  in  part  occupied  by  standing  water  until  artificiallj 
drained.  The  more  easterly,  about  one-tnird  of  a  square  mile 
in  extent,  lies  between  Billown  and  BaUcikeigan  ^  (Sh.  16),  a  half- 
mile  N.W.  of  Castletown,  and  has  a  floor  of  silty  alluvial  wash 
This  tract  is  shown  as  a  lakelet  on  the  old  maps  of  the  Ishmd 
(p.  408).  It  drains  to  the  sea  at  Poyll  Vaaish ;  ana  Gumming  men- 
tions that  in  this  vicinity,  between  Balladoole  and  Scarlet  House, 
sand  with  marine  shells  was  found,  which  he  considered  tore- 
present  the  Raised  Beach,*  and  to  be  probably  continuous  with 
a  similar  sand  found  in  a  neighbouring  section  to  overlie  blue 
marl  with  elk-remains.  There  is,  however,  no  trace  of  marine 
conditions  in  the  basin  itself. 

A  gentle  rise,  covered  with  boulder-clay,  intervenes  betweeo 
the  above  depression  and  the  next  basin  about  a  mile  farther 
west,  where  we  find  a  low  tract  extending  continuously  from 
Arbory  (Ballabeg  of  new  Ordnance  map)  up  to  the  Colby  River 
south  of  Colby  village.  On  Cumming's  map  ("  Isle  of  Man," 
PI.  in.)  the  whole  of  this  tract  is  shown  as  alluvium ;  but  on  the 
Survey  map,  after  some  hesitation,  only  the  more  easterly  portion 

^  See  p.  417,  as  to  meaning  of  italics. 

2  Quart.  Joum.  Geol.  Soc.,  vol.  ii.,  p.  346. 
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of  the  depression,  where  the  subsoil  is  a  gravelly  or  silty  wash,  has 
been  thus  represented  There  is  no  doubt  that  the  whole  tract 
has  been  at  times  submerged  by  floods,  mainly  from  the  over- 
flow of  the  Colby ;  but  the  western  portion  does  not  appear  to 
have  been  covered  by  any  deposit  which  could  be  defined  as 
true  alluvium,  the  chief  subsoil  being  a  dark  blue  clayey  earth, 
full  of  stones,  mostly  sub-angular  fragments  of  slate  and  quartz, 
with  a  few  rounded  foreign  pebbles.  Though  not  strictly 
boulder-clay,  this  material  seems  to  be  essentially  a  ro-arrangement 
of  l)Oulder-clay,  probably  by  storm-wash.  In  most  but  not  all 
cases  the  slate  Augments  have  lost  their  glacial  striae,  but  have 
not  been  worn  into  rounded  pebbles.  This  re-arrangement  of  the 
boulder-clay  appears  to  have  taken  place  after  the  deposition  of  the 
Glacial  platform-gravels  which  border  the  hollow,  but  at  a  compara- 
tively early  stage  in  Late-glacial  or  Post-glacial  times.  To 
such  material,  in  mapping  the  ground,  I  provisionally  applied 
the  term  *  Colby  Wash,'  and  thought  that  it  might  eventually 
prove  necessary  to  represent  its  occurrences  by  a  separate 
svmbol  or  colour ;  but,  though  widely  distributed  wherever  slaty 
(mft  formed  flat  ground  whether  at  low  or  high  levels  (see  p. 
453,  and  p.  471),  the  material  was  not  elsewhere  found  in  so 
large  a  tract  as  the  present  instance,  and  was  too  limited  in  extent 
to  indicate  on  the  map.  Indeed,  as  the  '  Colby  Wash  *  so 
nearly  resembles  the  boulder  clav  in  composition,  and  as  the 
tracts  in  which  it  is  developed  are  usually  imderlain  and 
surrounded  by  that  deposit,  any  separation  between  the  oririnal 
and  modified  condition  of  the  clayey  drift  would  have  oeen 
difficult  and  of  Uttle  practical  utility.  In  this  particular  instance, 
however,  it  is  not  improbable  that  the  *  Colby  Wash '  may  in 
places  cover  fresh-water  sediments  of  Late-glacial  age  equivalent 
to  the  elk-marls  of  the  Ballau^h  and  Close-y-Garey  sections  (pp. 
375,  384),  though  no  direct  evidence  to  this  eflect  was  obtained. 

The  greater  part  of  the  above-described  depression  drains 
through  a  little  valley  excavated  in  drift  and  limestone,  which 
opens  to  the  sea  at  Strandhall  in  the  eastern  comer  of  Bay  ny 
Cfarrickey.  At  this  place  there  is  a  gap  fn  the  limestone-scars 
on  the  foreshore  just  opposite  the  mouth  of  the  brook,  in  which 
peat  with  trunks  of  trees  is  revealed  when  the  beach-material  is 
swept  aside.  This  'submerged  forest*  is  mentioned  by  Macculloch  ^ 
and  Henslow  ^  as  having  been  exposed  some  time  previously  to 
their  examination,  but  was  not  seen  by  them. 

Cumming  describes  it  as  follows  : — "  In  the  autumn  of  1845  I 
discovered,  about  a  mile  to  the  east  of  Mount  Gawne,  at  the 
mouth  of  Strandhall  Brook,  betwixt  high  and  low  water,  a  bed 
of  turf  one  foot  thick,  and  the  trunks  ot  trees  (oak,  ash  and  fir) ; 
of  which  I  counted  eight  in  an  erect  position,  and  traced  the 
roots  of  one  (an  oak)  several  feet  in  the  stifl*  alluvial  blue  loam, 
which  was  evidently  the  subsoil  upon  which  the  trees  grew.    The 


*  "  Western  Isles  "  vol.  iL.  p.  627. 
»  "  Trans.  GeoL  Soc.,"  vol.  v.,  p.  500. 
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alluvium  (which  is  not  more  than  3  feet  thick)  rests  in  partunon 
the  nearly  horizontal  limestone  and  in  part  on  a  denuaed  bea  oi 
the  boulaer  clay,  and  is  situated  at  the  opening  towards  the  sea 
of  one  of  the  valleys  of  denudation.  A  few  yaras  to  the  east  and 
west  of  this  submerged  forest  we  have  a  raised  beach  of  a  reoeat 
period.  It  is  possible  at  this  particular  spot  to  explain  the 
phenomenon  by  supposing  the  bank  driven  back  upon  the  land, 
and  that  formerly  it  intervened  between  the  forest  and  the  sea, 
and  by  a  partial  damming  up  of  the  water  of  the  stream  formed 
a  swamp,  and  the  alluvial  deposit  in  which  the  turf  and  trees 
grew.  However  this  may  be,  it  is  certain  that  this  same  alluvial 
marl  is  covered  up  in  the  neighbourhood  by  a  recent  marine 
formation.*'^  In  a  footnote  he  adds,  "It  is  singular  that  the 
trunk  of  an  oak-tree  which  has  been  removed  from  the  sub- 
merged forest  at  Strandhall  exhibits  upon  its  surface  the  marb 
of  a  natchet."  In  another  publication  ne  states :  "  On  removing 
the  boulder  clay  into  which  the  roots  of  these  trees  strike  down, 
distinct  glacial  groovings  may  be  noticed  on  the  subjacent 
limestone."  * 

Gumming  also  obtained  information  indicating  the  existence 
of  the  old  forest  on  the  shores  of  the  bay  farther  westward 
Writing  in  1848  he  says,  "  Twenty-one  years  ago,  according  to 
the  testimony  which  I  have  received  from  living  witnesses,  after 
a  violent  storm  of  three  days  the  sands  opposite  Mount  Gawne 
were  swept  away  and  discovered  a  vast  number  of  trunks  of  trees, 
some  standing  upright,  others  laid  prostrate  towards  the  north,  as 
if  overthrown  by  some  violent  incursions  of  the  sea.  Nay,  it  has 
been  further  stated  to  me  by  those  whom  I  am  bound  to  believe, 
that  the  foundations  of  a  primitive  hut  were  laid  bare,  and  that 
therein  were  some  antique  uncouth-looking  instruments,  once 
the  property,  it  may  be,  of  the  primitive  woodcutters."  * 

The  presence  of  traces  of  man  in  the  peat  at  Strandhall  is  ako 
aftirmea  by  Mr.  J.  M.  Jeffcott  of  Castletown,  who,  in  1889,  writes 
as  follows : — "  About  eighteen  years  ago,  and  soon  after  the 
fragments  of  antlers  [of  the  Irish  elk,  see  p.  386]  were  found  at 
Strandhall,  a  stream  in  that  locality  after  a  heavy  fall  of  ram 
became  swollen,  overflowed  its  banks,  and  made  a  deep  excavation 
in  the  sea-beach.  Having  visited  this  excavation  on  the  day 
after  its  occurrence  I  found  in  the  debris  fragments  of  human 
skulls  and  other  human  bones.  These  were  associated  with  the 
jawbone  of  a  deer,  believed  by  Professor  Busk,  to  whom  it  was 
afterwards  shown,  to  have  been  that  of  a  red  deer.  The 
excavation  made  by  the  stream  was,  in  some  places,  perhaps 
6  feet  deep.  I  afterwards  caused  the  cavity  to  be  further 
deepened  to  the  extent  of  about  four  additional  feet.  On 
reaching  this  depth  I  discovered  the  recumbent  trunk  of  a  large 
pine.     Close  to  the  prostrate  tree  were  quantities  of  oak  leaves 

*  Quart.  Journ.  Geol.  Soc.,  vol.  ii.,  p.  344.     See  also  "Isle  of  Man," 
p.  139. 

2  "  Guide  Book,"  p.  88. 

3  "  Isle  of  Man,^'  p.  140. 
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pressed  flatly  together,  and  forming  immonse  flakes  from  8  to 
10  inches  tnick.  Some  of  t]ie  leaves  in  the  interior  of  a  flake 
still  partially  retained  their  green  hue.  In  one  of  the  flakes  I 
found,  between  some  leaves,  el)rtra  of  beetles."  ^ 

There  was  a  small  exposure  of  the  peat  in  the  upper  part  of 
the  shore  in  1892,  during  the  present  ourvey,  and  some  specimens 
of  wood  then  collected  were  submitted  to  Mr.  Clement  Reid,  who 
recognised, '  oak  and  a  conifer,  probably  yew.' 

While  the  position  of  this  peat  might  be  explained  without 
postulating  a  change  of  level,  by  supposing,  as  Gumming  sug- 
gested, that  it  was  accuuuilated  behmd  a  protecting  bank  of 
shingle  since  swept  aside,  the  hypothesis  would  fail  to  account 
for  tne  channel  excavated  in  the  limestone,  in  which  the  peat 
lies.  This  channel,  like  instances  of  the  same  kind  in  other 
parts  of  the  Island  ^p.  457,  etc.),  shows  that  some  degree  of  eleva- 
tion above  present  level  must  have  occurred  since  Glacial  times ; 
and  it  is  probable  that  the  low-level  forest  grew  during  this 
period  of  elevation. 

Though  the  relationship  is  not  distinctly  seen,  the  general  run 
of  the  evidence  strongly  supports  Cumming's  idea  that  the 
adjacent  Raised  Beach  is  newer  than  the  submerged  forest ;  and 
if  we  accept  the  above-quoted  evidence  as  to  the  presence  of  man 
in  the  Island  during  the  formation  of  the  peat- bed,  it  follows  that 
depression  succeeded  by  partial  re-elevation  has  taken  place 
since  man's  incoming.  Moreover,  as  there  is  no  reason  to  believe 
that  Palaeolithic  man  ever  reached  this  region,  and  since  it  has 
already  been  shown  (p.  403)  that  the  Raised  Beach  may  belong  to 
the  closing  stages  of  the  Neolithic  period,  it  seems  reasonable  to 
conclude  that  these  oscillations  or  level  may  have  taken  place 
during  Neolithic  tiuies. 

Another  more  irregular  hollow  occurs  in  the  gravel  platform 
1 J  mile  west  of  Colby,  curving  northward  from  the  vicinity  of 
Port  St.  Mary  Railway  Station,  and  extending  past  Trinity 
Church  nearly  to  Bradda  Mooar.  This  hollow,  again,  is  only  in 
part  occupied  by  true  alluvium,  the  stony  *  Colby  Wash  *  forming 
the  subsoil  in  all  except  its  central  portion.  The  ridges  of  gravel 
which  border  the  alluvium  towards  the  head  of  the  depression 
recall  those  around  Close-y-Garey  (p.  458).  At  Cronk  Mooar 
(Sh.  16)  a  portion  of  one  of  these  has  been  artificially  shaped 
into  a  mound  in  prehistoric  times. 


HiU  Peat. 

The  hill  peat  has  not  been  separately  shown  on  the  published 
map,  as  its  distribution  is  too  ill-defined  to  be  marked  out  by 
boundary  lines ;  but  where  it  attains  exceptional  thickness  the 
word  Peat  has  been  engraved.  The  higher  ground  of  the 
central  massif  is  more  or  less  overspread  with  a  peaty  covering, 

*  Presidential  address  to  the  Isle  of  Man  Nat.  Hist,  and  Antici.  Soc., 
Mch.  1880,  printed  in  Yn  Lioar  Manninagh,  vol.  i.,  p.  50. 
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^arjdng  from  a  single  sod  to  a  few  feet  in  thickness,  according:  to 
the  shape  of  the  sur&ce.  It  is  more  prevalent  in  the  skck 
between  the  principal  or  Snaefell  hill-chain  and  the  ridges  to  the 
westward  then  elsewhere,  and  is  best  developed  where  the  slaty 
till  has  lodged.  The  northern  slopes  of  Beinn-y-Phott,  and 
particularly  the  long  shoulder  running  out  between  Glen 
Crammag  and  the  east  fork  of  the  Sulby  River  aiford  the  most 
extendea  ground  in  which  hill  peat  is  comparatively  thick  (p.  449), 
while  smaller  tracts  of  thick  peat  are  found  at  the  gathering- 
ground  of  the  drainage  on  the  northern  side  of  Snaefell ;  on  the 
northern  side  of  Colden ;  and  to  the  westward  of  South  Bamile. 
Tliough  it  is  still  accumulating  in  a  few  places,  the  climate  nowa- 
days docs  not  seem  so  favourable  to  its  growth  as  the  past  has 
been  ;  and  it  has  been  further  checked  by  the  drainage  of  the 
hillsides  for  sheep  farming. 

The  hill  peat  and  that  of  the  lowland  hollows  were  once  the 
chief  fiiel  of  the  island,  but  their  use  is  confined  now  to  a  few  of 
the  older  farmers  and  cottagers  in  places  remote  from  the  ports. 
The  turf  seems  in  the  past  to  have  been  largely  obtained  by 
paring  the  surface  of  the  nearest  hill,  and  only  partly  from 
excavation  of  the  thicker  deposits.  There  is  no  recom  of  human 
or  animal  remains  having  been  found  in  the  hill  peat,  but  it 
contains  fragments  of  wood  larger  than  the  present  natural 
growth  of  the  hills. 
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CHAPTER  XI. 

DETAILED    DESCRIPTION    OF    THE   SUPERFICIAL 

DEPOSITS. 

Introduction. 

In  describing  the  local  details  of  the  superficial  depK)sit8  a  similar  course 
ill  be  followed  to  that  adopted  for  the  solid  rocks  in  Chapter  IV.  The 
iland  will  be  divided  into  tnree  belts :  (1)  Northern,  compnsing  the  drift- 
8  in  ;  (2)  Central :  the  hilly  ground  south  of  the  drift-plain  up  to  and 
eluding  the  Peel  and  Douglas  valley ;  (3^  Southern  :  the  remaining  portion 
'  the  Island  south  of  that  valley,  with  The  Calf.  The  order  of  the  oescrip- 
3ns  within  each  division  will  be  as  before,  first  the  coast-sections  and  after- 
ards  the  interior  from  west  to  east,  in  accordance  with  the  numbering  of 
le  six-inch  maps,  while,  at  the  same  time,  the  physical  boundaries  will  be 
cognised,  as  far  as  possible.  The  i)lace-names  in  italics  are  those  which 
)pear  on  the  six-inch,  but  not  on  the  one-inch  Ordnance  maps. 

HOBTHESlf  DI7ISI0H. 

(Sheets  1,  2,  3,  and  parts  of  4  and  5  of  six-inch  map.) 

The  arrangement  of  the  Raised  Beach  at  the  Point  of  Ayre  and  its  Thb  Poiht 

Nation  to  the  present  beach  have  already  been  described  (p.  402).  Cumming  OF  Ayrb. 

ated  that  the  lighthouse  ''at  first  clos-$  upon  high-water  mark,  has  now  a 

Kxl  piece  of  bank  extending  between  it  and  the  salt  water.''  ^    Ihat  he 

as  mistaken  in  this  has  been  proved  h^  our  examination  of  the  plans  in 

le  office  of  the  Northern  Lights  Commissioners  at  Edinburgh,  the  old  plan 

'  1815  when  compared  with  the  most  recent  nlan  of  1893  showing  that 

3tween  these  dates  the  coast-line  at  the  Point  nas  undergone  little  or  no 

teration.    The  question  as  to  the  gain  or  loss  of  land  at  this  point  is  of 

ractical  consequence  in  view  of  the  possibility  of  other  buildings  being 

■ected  in  connection  with  the  workmg  of  the  underlying  salt  deposits 

).559). 

The  lighthoase  obtains  its  water-supply  from  a  well  25  feet  deep,  sunk 
I  the  Raised  Beach  within  the  enclosure.  We  were  informed  by  the  light- 
3use-keeper  that  the  water  was  rather  brackish,  but  not  more  so  in 
immer  than  in  winter,  and  that  the  supply  never  failed.  The  section  is 
kid  to  exhibit  21  feet  of  shingle  (Raised  Beich)  on  4  feet  of  clay  (Glacial  ?). 
his  water-supply  taken  along  with  that  found  in  the  experimental  borings 
».  285)  indicates  that  there  is  a  steady  percolation  of  tne  surface-rainfall 
award  through  the  shingle,  probably  aug^mented  by  a  certain  amount  of 
rainage  from  the  northern  slopes  of  the  Bride  Hills. 

There  is  a  rapid  tide  along  the  northern  side  of  the  Point,  with  compara- 
vely  deep  water  (up  to  11  fathoms)  close  inshore.  Hence  the  present 
jach,  composed  of  coarse  shingle-ridges  arranged  in  grand  curves,  is 
irrow  and  surprisingly  steep  considering  the  material ;  in  one  place  an 
igle  of  slo})e  of  over  30**  was  noticed.  The  pebbles  of  the  recent  shmgle  are 
lenticol  with  those  of  the  Raised  Beach,  and  include  few  or  no  Manx 
xiks ;  the  following  are  the  chief  ins^reaients  of  both :  dark  blue  grey- 
acke,  grit,  and  quartzite  ;  red  and  blue  Carboniferous  limestone  ;  vein 

*  "  Isle  of  Man,**  p.  224, 
8194  D  D 
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quartz  ;  red  and  purple  sandstone ;  sandy  slate ,  "haggis-rock  "conglomer- 
ate ;  red  chalccdonic  conglomerate  ;  flint ;  dia»ase;  basalt ;  yellowish  and 
reddish  porphyritic  traps  ;  felsite  ;  mica-trap  j  mica-schist ;  gneiss ;  grey 
granite  both  coarse  and  fine  grained  ;  red  gramte. 

The  first  of  the  deep  borings  was  sunk,  at  the  edge  of  the  Raised  Beach, 
200  yards  N.  of  the  lighthouse  (see  p.  289,  and  Appendix,  p.  578).  The  base 
of  the  drift  is  supposed  to  have  been  reached  in  this  (No.  1^  section  at  a  depth 
of  298  feet  from  the  surface,  but  it  is  not  unlikely  from  tne  evidence  of  the 
adjacent  No.  6  Boring,  that  the  upi>er  part  of  the  underlying  Triassic  Marl 
may  have  been  churned  up  by  glacial  action,  and  should  be  considered  a» 
part  of  the  drift.  From  the  samples  supplied  to  us  from  No.  6  Boring 
(fully  described  on  pp.  340-4),  which  lies  only  335  yards  S.R  of  No.  1,  recon- 
structed marl  with  foreign  T)ebbles  appears  to  extend  down  to  at  least 
428  feet,  and  perhai)s  still  lower  ;  and  it  is  scarcely  probable  that  there 
should  be  no  smiilar  material  in  the  neighbouring  section.  Further  borings 
are  contemplated  in  the  vicinity,  which  will  no  doubt  elucidate  the 
matter. 

Some  small  travelling  dunes  of  blown  sand,  one  of  which  has  invaded 
the  lighthouse  enclosure,  are  gradually  moving  eastward  across  this  rart  of 
The  Ayre  and  will  eventually  be  intercepted  by  the  sea  south  of  the  roint ; 
they  are  skirmishers  in  advance  of  the  main  body  farther  westwanL 
Among  the  shingle  of  the  Raised  Beach  a  few  worn  shells  occur,  chiefly 
oyster,  mussel  and  whelk,  but  are  nowhere  abundant.  On  the  inner  part 
of  The  Ayre,  where  the  blown  sand  forms  a  tolerably  even  covering,  an 
irre^lar  strip  varjring  from  j  mile  near  the  east  coast  to  200  yards  or  less 
farther  westward  has  been  enclosed  and  brought  under  partial  cultivation  by 
heavily  dressing  ('  marling ')  the  surface  with  Doulder-clay,  which  has  altered 
the  character  of  the  ground  so  much  that  one  mi^ht  doubt  the  propriety  of 
map)ping  it  as  Blown  Sand.  In  one  or  two  places  near  the  east  coasts 
i  mile  north  of  Portcranstal,  the  ground  contains  so  much  clay  that  unless  it 
has  for  some  purix>se  been  actujuly  *  puddled/  glacial  clay  may  lie  close  to 
the  surface.  The  ancient  cliff  of  drift  which  still  forms  a  steep  bluff  along 
the  southern  border  of  the  Raised  Beach  has  been  a  most  convenient  place 
for  obtaining  the  clay,  and  is  therefore  broken  at  mtervals  along  its  whole 
length  by  old  *  marl-i)its.|  In  some  of  these  the  chief  ingredient  is  stony 
red  clay,  but  more  often  it  is  laminated  *  warp-clay*  with  few  or  no  stones; 
and  sometimes  these  types  occur  together,  intermixed  with  sand  and 
gravel ;  examples  of  all  these  varieties  may  be  seen  in  the  pits  between 
rortcranstal  and  Ballagarrett.  though  as  scarcely  any  *niarling*  is  now 
done  the  sections  are  more  or  less  obscure. 

About  14  miles  W.S.W.  of  the  Point  of  Ayre  a  small  stream,  draining  the 
alluvial  hollow  of  Lrough  Cranstal,  flows  for  some  distance  across  the  Raised 
B3ach,  but  is  absorbed  before  reaching  the  sea. 


On  the  seaward  margin  of  The  Ayre,  2  miles  W.S.W.  of  the  Point,  tlie 
Ballagenncy  or  No.  5  Boring  (Sheet  3)  was  sunk  in  189G  (]).  280).  The 
following  are  the  details  of  the  drift-section  at  this  place,  as  recorded  in  the 
engineer  s  journal : — 

Ft.  In. 

Sand  with  stonef  [Raised  Beach]      -                -        -  15    0 

Gravel 27    0 

Sand 36    0 

Clay          -        ; 34    0 

Coarse  gravel  with  sand  and  clay     -        -        -        .  26    0 

Sand 73    8 

Gravel 0    8 

St  Bees  Sandstone  (sec  p.  583),  

812    4 
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As  tbeie  was  a  general  correbpondence  between  the  drifts  of  this 
>ring  and  those  of  No.  4  which  1  had  previously  investi^ted  in  detail 
^  below),  it  was  not  thought  necessary  to  wash  and  sift  the  samples 
bich  had  been  preserved.  A  well  had  been  sunk  to  a  depth  of  16  feet  in 
ingle,  close  to  the  shore,  at  3  feet  above  high-water  of  spring  tides,  and 
elded  fresh  water  during  low  tide  but  slightly  brackish  water  at  high 
•ring  tides.  The  glacial  'sand'  recorded  in  the  above  section  was 
iyey  and  pebbly,  like  that  of  No.  4  Boring,  and  vielded  a  few  shell-frag- 
ents,  including  Asiarte  stUcata,  A.  conipressa^  M^/ttlus,  Turritella^  and 
alanui.  The  clay'  was  red,  slightly  i>ebbly,  and  not  so  sandy  as  that 
No.  4.  The  pebbles  shown  to  me  exhibited  the  same  general  character 
those  of  the  previous  boring  ;  a  few  were  faintly  striated,  but  more  were 
Bll-rounded,  and  two,  which  were  said  to  have  come  from  the  base  of  the 
:oarse  gravel '  at  a  depth  of  138  feet,  were  encrusted  with  nullipores. 
Half  a  mile  to  the  west  of  this  boring,  on  the  boundary  between  the 
Irishes  of  Bride  and  Andreas,  Mr.  J.  Todd,  the  engineer  in  charge,  levelled 
line  out  carefully  across  the  Ayre  from  an  Ordnance  bench-mark  at  29  feet 
I  the  sandy  inner  part  of  the  beack  and  kindly  allowed  me  to  copy  Uie 
^ures.  These  show  the  elevation  of  the  surface  of  bare  shingle  to  range 
jtween  157  feet  and  17*3  feet  above  O.D.  at  150  to  300  yaras  from  the 
'esent  shore,  while  the  ridge  of  blown  sand  nearer  the  sea-margin  rises 
26*3  feet.  The  lowest  of  a  series  of  levels  on  the  Raisea  Beach 
rther  east,  recorded  on  the  six-inch  Ordnance  map,  is  17  feet. 

At   Rue  Point,  where  the   coast-line  takes   a  more  southerly  trend,  Drifts 
.e  Knock-e-dooney  Boring  (No.  4),  gave  valuable  information  regarding  bblow  ska- 
e  drifts,  which  were  penetrated  to  tneir  base.   I  was  able  to  visit  this  boring  ^^^  ^'^ 
om  time  to  time  during  its  progress  (in  1895)  and  secured  samples  of  the  ^^*  Point. 
acial  deposits,  which  were  afterwards  washed  and  sifted,  with  the  results 
ven  below.    A  well  on  the  foreshore  just  above  high  water  mark  yielded 
^ood  supply  of  perfectly  fresh  water  in  spite  of  the  drought  which  pre- 
kiled  at  that  time.    The  site  is  about  15  feet  above  O.D. 

Ktion  of  the  Glacial  Dejxmts  below  sea-level  in  the  {No.  Jf)  Knock-e- 
Dooney  Boring  near  Rue  Pointy  Isle  of  Man. 

Journal  of  the  Borino 

PablUhed  by  Mr.  J.  Todd  in  "  Yn  Lio«r  MAODloagh,"  vol.  lU.,  pi.  II.,  April,  1800. 

Ft 

Sand  with  stones 16 

Sand  and  gravel 20 

Soft  sandy  clay  with  fragments  of  coal     -        -        •        40 
Sandy  clay        --------26 

Sand  with  small  pieces  of  coal 15 

Sand 34 

Silt la 

Qi-avel  and  clay 10 

St.  Bees  Sandstone  (see  p.  284).  

173 

Description  of  Samples  Examined. 

The  first  16  feet,  and  perhaps   a  little  more,  represent  the  Raised 

Beach. 
At  50  feet  Clean  sharp  sand,  with  very  small  shell-fragments.    On 

sifting,  with  sieve  of  iV  inch  mesh,  only  two  or  three  smidl  pebbles 

remained,  and  no  shells. 
At  93  to  95  feet  Fine  warp  or  clay.    No  residue  of  any  kind  on 

sifting. 
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At  107  feet.  Fine  8ilt.    No  residue  except  two  crumbs  of  coaL 

At  117  feet.  Clean  sand.    Only  residue  a  few  small  quartz  and  lydite 

pebbles ;  no  shells. 
At  130  feet.  Silt.    Only  one  small  pebble  remained  after  washing. 
At  132  feet.  Rather  clayey  sand,  with  a  few  small  pebbles  of  the  usual 

drift  typo,  and  a  mucn-wom  fragment  of  Balanus, 
At  150  to  160  feet.  Purple  sandy  clay,  rather  pebbly,  with  scattered 

shell-fragments. 
A  large  quantity  of  this  material  was  washed,  and  among  the 

shell-fragments,  the  follo¥dng  species  were  recognised  :— 

Balanv^y  sp.  (abundant).  Nucula^  sp. 

Astarte  compressa,  Peeten^  sp. 

Astarte  stUcata.  Mytilus,  sp. 

These  fragments  had  the  angular  character  usual  to  shell-frag- 
ments in  boulder-clays.  Traces  of  the  epidermis  were  preserved 
on  some  fragments  of  Astarte, 

At  165  to  170  feet.  Silty  sand.    Not  washed. 
At  173  feet.  Gravel  witlji  worn  shell-fragments. 

Balanus  crenatusf  Natica  clama, 

Pectunculus  glycimeris,  FusuSy  sp. 

MactrUy  sp. 
J/ya,  sp. 

At  174  feet.  Red  clayey  gravel ;  mostly  subangular  fragments  of  St. 
Bees  Sandstone,  out  a  few  erratic  pebbles  ;  one  or  two  small  bits  of 
shell  were  found  on  washing 

Notes  on  some  Pebbles  obtained  from  the  above  section. 

Diameter 
in  inches. 
/"Sub-angular  striated  fragment  of  Carbonif- 
erous   Limestone 3| 

Somewhat  subangular  pebble  of  Ailsa  Craig 

riebeckite-rock  ;  encrusted  unthnuUtpores  -  Ij 

Similar  pebble  of  dark  porphyry  (Southern 
Uplands  Silurian  dyke-rock?);  encrust^ 
vnth  mUlipores   -  .        .        .         .  3 


At  depth  of 
about  165  feet. 


teatttfSld  I  Sou^J-  Uplands  f  ^^ 

pebbles  of  hard  grit  j     '^'^  Ubout  2 


Fragments  of  basic  igneous  rocks  (probably 
Scotch) ;  porphyrites,  etc.  ;  also  of  Red 
Sandstone  like  St.  Bees  Sandstone. 

{Red  Sandstone  and  Carboniferous  Limestone  fragments 
more  numerous  than  in  above,  but  associated  with 
iwrphyrites  (Old  Red  ?)  and  other  non-local  rocka  Most 
were  rounded,  but  a  few  showed  striations.  The  whole 
assemblage  was  that  of  a  glacial  gravel. 

No  peaty  material  or  other  indication  of  a  land  surface  was  anywhere 
obtained  m  the  boring,*  nor  was  the  general  character  of  the  deposits 
different  from  their  character  in  cliff-sections.  There  was  also  no  stratum 
found  resembling  the  marine  bed  in  the  deeper  part  of  No.  6  Boring 
(see  p.  342).  The  foreign  stones  throughout  were  such  as  might  have  been 
gathered  from  any  of  the  surface-sections  ;  where  shell-fragments  occurred 

*  Mr.  T.  V.  Holmes  records  the  same  fact  in  regard  to  the  low-level 
drifts  of  North-west  Cumberland,  in  the  following  passage: — *  Borings, 
through  the  glacial  drift  into  the  underlying  rocks  near  the  Solway  have 
never  yet  shown  the  existence  of  any  inter-glacial  ve^table  deposit' 
Trans.  Cumberland  Assoc,  part  vi.  (1881),  p.  123  (foot-note). 
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th^  appeared  to  be  derivative,  and  were  confined  to  the  gravelly  bands : 
and  the  lowest  gravel  was  largely  a  rubble  of  the  underlying  rock,  but 
contained  also  many  erratic  gobies. 

The  shells  were  all  of  species  which  occur  in  the  cliff-sections,  though  the 
general  assemblage  was  somewhat  different,  owing  to  the  rarity  or  absence 
of  TurriteUa  terebra  and  some  other  gasteropoiu  which  are  usually  the 
commonest  forms.  But  even  in  this  respect  the  difference  is  not  greater 
than  is  found  between  one  part  of  the  coast-section  and  another,  where,  as 
Mr.  Kendall  has  observed,  the  species  are  very  unequally  distributed;  which  is 
the  case  also  in  the  shelly  drifts  of  East  Yorkshire.  The  pebbles  encrusted 
with  nullii)ores  have  belonged  to  the  same  sea-bottom  as  the  shells ;  the 
particularly  interesting  example  from  Ailsa  Craig  has  been  elsewhere  dis- 
cussed (p.  345). 

The  next  or  Ballawhane  (No.  2.)  Boring  (see  p.  282),  is  on  the  Raised  Beach,  Blue  Poi 
here  reduced  to  a  platform  only  100  yards  wide,  under  Blue  Point,  not  auite 
a  mile  S. W.  of  the  last,  and  seems  to  have  shown  a  similar  section  in  the  drift, 
but  no  opi)ortunity  occurred  to  examine  the  material.     The  following  is  a 
copy  of  the  Engineer's  Journal : — 

Ft. 
Sand  and  gravel  [Raised  Beach]       -        -        -        -        16 

Muddy  sand 29 

Sand  containing  small  pieces  of  coal         -        -        -        41 

Sand         ;        -        - 20 

Clay  containing  small  pieces  of  coal         -        -        -        15 

Silt 50 

St.  Bees  Sandstone  (p.  579).  — 
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With  re^rd  to  this  and  the  Journal  given  below,  it  is  probable  that 
much  of  the  material  described  as  sand  and  silt  was  of  the  same 
character  as  the  unstratified  boulder- drift  seen  in  places  in  the  cliff-sections, 
where  the  erratics  are  set  in  a  sandy  matrix  instead  of  in  clay. 

A  marl-))it  in  the  old  cliff  on  the  west  side  of  Blue  Point  immediately 
above  the  boring  showed  :-  - 

Stratified  gravel  and  sand^  in  places  cemented  into  *  hard-pan,'  3  to  5  feet. 

Contorted  drift ;  consisting  of  sandy  boulder-lowim,  stony  clay,  silty 

sand  and  clean  sand,  with  gravel-streaks  containing  sheU-f ragmen ts, 

chiefly  Tdlina  balthica :  a  boulder  of  bluish  flaggy  grit,  over  3  feet  in 

diameter,  occurred  in  this  drift       -        -        -        -        20  to  40  feet. 

The  same  general  arrangement  is  seen  in  other  sections  between  this  point 
and  the  Lhen,  the  sandy  beds  being  sometimes  in  part  replaced  by  fine 
stratified  clay  or  warp. 

The  narrow  strip  of  Raised  Beach  is  continued  south-westward  to  the  Thb  LnK 
mouth  of  the  Lhen  Valley  (p.  373X  and  the  most  westerly  and  southerly 
of  the  deep  borings  (No.  3)  was  there  sunk  upon  it  (see  p.  281).     The 
drifts  of  this  section  are  described  as  follows  in  the  Journal  of  the  boring 
We  have  no  further  information  regarding  them  : — 

Ft.  In 
Sand  and  gravel  [Raised  Beach]        -        •        -        -        12 

Silt 6 

Grey  sand 48 

Brown  sand 26 

Sand  and  gravel        -  18 

Gravel 8 

Grey  sand 9 

Gravel      -  40 

Silt  -        -  0    6 

Carboniferous  Limestone,  66  feet  10  inches. 

167    6 
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On  the  eastern  side  of  the  Lhen  there  are  two  or  more  high  terraces  of 
gravel,  which  expand  southward  and  merge  into  the  drift-platform  south 
of  the  moundy  ground  (p.  436).      Its  western  side  is  encumbered  with 
blown-sand  that  appears  to  have  blocked  up  an  old  channel  by  which  the 
Lhen- water  escaped  to  the  shore  and  forced  tne  stream  to  find  a  new  outlet 
700  yards  farther  north.    On  a  low  mound  of  shingle,  marked  Cronk  y  Bing 
on  the  six-inch  map  (Sh.  2\  round  which  the  stream  winds  just  before 
reaching  the  sea,  I  noticed  a  few  flint  chips  :  the  tumulus  of  sand  men- 
tioned on  p.  404  occurs  on  the  rising  ground  half  a  mile  S.W.  of  thii 
place.    The  locality  well  deserves  the  attention  of  Manx  archeolopts 
mterested  in  the  study  of  the  physical  conditions  of  the  Island  in  Neohtbie 
times. 

For  two  miles  S. W.  from  the  Lhen  there  is  a  low  persistent  strip  of  blown- 
sand  overgrown  with  bent-grass,  about  100  yards  wide,  between  the  cliff 
and  the  shore,  which  appears  to  rest  upon  the  prolongation  of  the  Raised 
Beach.  The  cliff  itself  is  also  mantled  with  blown-sand,  so  that  no  section 
is  visible  except  at  one  place,  due  west  of  Cronkbreck  (at  the  shore-nMd 
marked  on  the  one-inch  map),  where  there  is  an  old  marl-pit  showing  a  few 
feet  of  contorted  stony  loam  and  warp  clay,  with  sand  and  silt.  No  erosion 
seems  to  be  taking  place  on  this  part  of  the  coast  at  present,  until  we  reach 
Sartfield,  three-quarters  of  a  mile  N.  of  Jurby  Churcn,  where  the  conditions 
suddenly  change.  Here  the  Raised  Beach  is  cut  out  obliquely,  and  a 
freshlv  eroded  cliff  of  drift  is  revealed,  upon  which  the  sea  is  maWing  rapid 
inroads. 

The  first  section  traverses  a  hollow  in  the  moundy  drift  40  feet  or  more 
below  the  level  of  the  surrounding  ground,  in  which  a  little  alluvium  d 
some  antiquity  has  accumulated.  The  section  W.N.W.  of  Sartfield  form- 
stead  is  as  follows  : — 

Ft. 
Blown  Sand,  at  cliff  top  •       -       .       .       about  8 

Qrey  marly  wash,  peaty  in  places  (Alluvium)         -  4 

Silty  ffravel 3to4 

Red  clay  and  warp  (contorted  drift)       •        about         85 

To  the  south-westward  of  this  hollow  for  700  yards,  the  cliff  is  chiefly 
composed  of  red  clav,  partly  stratified,  with  patches  of  mvelly  wash  on  tiie 
top.  A  smaller  hollow  is  then  traversed,  N.  W.  of  Jurby  Church,  in  which 
a^in  a  little  alluvium  has  collected,  with  peaty  layers  showing  impres- 
sions of  reeds. 

The  fine  cliff-sections  of  Jurby  Head  are  too  complicated  and  variable 
for  ready  description.  In  places  they  show  an  upper  red  pebbly  loam  or 
clay,  10  to  20  teet  thick ;  passing  down  into  sand,  silt  and  warp  clay  with 
some  gravel,  30  to  40  feet  thick ;  which,  in  turn,  passes  down  into  a  lower 
dull  red  or  purple  stony  till  containing  lai^  boulders  and  pebbly  layers, 
and  also  snell  fragments.  But  these  divisions  seem  to  possess  no 
independence,  and  often  become  contorted  and  intermingled  into  an 
inseparable  mass.  There  is,  however,  distinctly  more  clay  and  less  sand 
and  gravel  in  these  sections  than  in  the  sections  of  the  moundy  ridges  at 
OrrisKlale  Head,  2  miles  farther  south,  and  this  agrees  with  the  arrangement 
on  the  east  coast  (see  Fig.  96.  p.  355). 

The  cliff  for  f  mile  south  of  Jurby  Head  has  recently  wasted  more 
rapidly  than  any  other  part  of  the  Manx  coast,  a  strip  from  30  to  50  yards 
wide  having  been  lost  in  the  twenty-eight  years  which  had  elapsed  between 
the  Ordnance  Survey  and  my  own  examination.  Owing  to  this  wast^ 
large  boulders  accumulate  in  numbers  on  the  foreshore  where  not  remorea 
for  road-metal ;  among  the  largest  noticed  were  two  of  Qalloway  granite, 
respectively  6  feet  by  6  ft.  by  5  ft.,  and  8  ft.  by  4  ft.  by  2  ft;  and 
one  of  brecciated  Carboniferous  limestone,  9  ft.  by  8  ft.  by  7  ft  Mr. 
Kendall  commented  on  tiie  prevalence  of  boulders  of  itsd  sandstone  in 
the  lower  clay  in  this  locality,  which  he  found  in  one  section  to  comisriae 
/5  per  cent,  of  the  stones ;  tnese,  as  he  suggested,  had  probably  been  derived 
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from  a  concealed  outcrop  of  beds  of  this  character  in  the  neighbourhood^  an 
opinion  since  practically  confirmed  by  the  results  of  the  deep  borings.* 

Alx)ut  ten  years  ago  a  piece  of  the  tusk  of  an  elephant  12  inches  in 
length  and  3  inches  in  diameter,  was  found  in  the  cliff  N.W.  of  Jurby 
Church.*  It  appears  to  be  the  only  known  occurrence  of  this  vertebrate  in 
the  Manx  drifts.  Like  the  shells  and  encrusted  pebbles,  it  has  probably 
been  trans|X)rted  from  an  older  site. 

On  the  southern  side  of  Jurby  Head  the  ground  sinks  gradually  towards 
the  hollow  drained  by  the  Killane  River,  the  high-level  or  80-f  t.  gravol- 
nlatform  which  is  so  well  marked  to  the  east  and  south-east  of  Jurby 
oecoming  more  indefinite  in  approaching  the  coast,  probably  on  account  of 
the  greater  distance  from  the  source  of  its  material  (p.  434).  Though  the 
upper  margin  or  shore-line  of  this  platform  is  represented  in  the  cliff-section 
by  a  bed  of  coarse  gravel  6  feet  tnick  which  thins  out  northward  against 
the  rising  slope  of  clay,  the  gravel  is  not  so  continuous  over  the  platform 
here  as  might  be  thought  from  its  representation  on  the  i)ublished  map ; 
being  worn  threadbare,  so  to  sj^eak,  so  that  the  underlying  clay  shows 
through  in  several  places.  The  platform  terminates  southward  in  a  steep 
bank  which  is  one  of  the  most  sharply  defined  physical  features  of  the 
drift-plain  (p.  434).  At  the  foot  of  this  bank  lies  the  lower  terrace,  30  to 
40  feet  above  sea-level,  and  through  it  the  Killane  River,  a  small  brook 
slightly  increased  by  artificial  drainage,  has  excavated  a  little  valley  which 
breaks  the  cliff-line.  Near  the  coast  the  low  ground  spreads  thence 
southward  for  f  mile,  and  is  then  trenched  a  second  time,  at  Ballakinnag, 
by  the  stream  from  Glen  Dhoo.  Beyond  the  mouth  of  this  stream  the 
moundy  drifts  rise  up  with  a  bold  margin  and  continue  into  Orrisdale 
Head. 

This    stretch    of    low    ground    may    have    originated    in    a     local  Killai 
modification  and   thinning  of  the  upper  part  of   drift,  but   the  cliff-  and  B 
section  shows   that  it  must    have   been  accentuated  by   later  erosion,  kinnac 
The   chief  constituent   of   its   cliff-section    is   stratified    warp-clay   and 
silt,    destitute    of    orcanic    remains,    resting   on    (the    lower?)   boulder 
clay,    sometimes    with    traces    of    erosion    and    sometimes    seemingly 
with  a  gradual    passage.     At   the  northern   margin    of   the'  flat,    near 
Ballateare,  a  platform  of  denudation  has  been  scooped  out  in  the  warp, 
upon  which  lies  an  irregular  layer  of  well-rolled    current-bedded  gravel 
which  probably  represents   the  shore-deix)sit  of  the  Curragh  lake  at  its 
second  or  Late-glacial  stage.    Before  the  Llien  channel  was  opened,  it  is 
possible  that  the  lake  may  have  had  a  westerly  outflow  in  tnis  quarter. 
The  gravel  dies  out  southward,  or  merges  into    fine   material    scarcely 
distinguishable   from  the  underlying  beds.     A  thin  capping  of   sand, 
probably  wind-drifted,  completes  the  section. 

Between  the  mouth  of  the  Killane  stream  and  Ballakinnag  the  blown 
sand  at  the  cliff-top  becomes  thicker ;  and  in  one  place,  west  of  Crawyn,  it 
contained  indications  of  a  Neolithic  settlement  at  4  feet  below  the  surface, 
in  the  shape  of  numerous  shards  of  coarse  earthenware,  flint-chips,  and 
large  stones  marked  by  fire. 

At  the  southern  end  of  the  low  ground  near  Ballakinnag,  a  terrace  has 
been  scooped  out  of  the  warp,  in  connection  with  the  drainage  from  Glen 
Dhoo,  pernaps  at  the  Raised  Beach  period,  on  which  an  alluvial  dejposit  has 
accumulated,  seen  in  the  cliff-section  to  consist  of  3  feet  to  6  feet  of  whitish 
sandy  marl,  with  a  thin  peaty  layer  below,  and  a  base  of  washed  gravel. 
The  peat  was  searched  for  the  arctic  remains  with  negative  result. 

The  fine  cliff-sections  south  of   Ballakinnag,  ranging  from  70  to  about  Qrrisd. 
140  feet  in  height,  extend  without  a  single  gap  for  2'i  miles  to  Glen  Timnk  Head. 
on  the  S.  side  of  Orrisdale  Head.     They  intersect  the  western  horn  of  the 
crescent  of  drift-mounds,  not  however  by  a  direct  cross-cut  like  the  east  coast 
section,  but  by  an  oblique  traverse  at  a  low  angle.    To  the  student  of  the 

*  Op.  cit.,  p.  412. 

*  The  fragment  is  at  present  (1898)  in  the  possession  of  Mr.  W.  Kneale,, 
of  Douglas,  whom  I  have  to  thank  for  allowing  me  to  e  amine  it. 
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shells  or  boulders  of  the  Manx  Extra-Insular  drift  these  cli£fs  may  be 
recommended  as  second  in  interest  only  to  those  of  Point  CranstaL 

The  main  facts  of  the  section  are  shown  in  the  accompanying  diagram, 
Fig.  104. 

As  we  enter  the  chain  of  mounds  the  warp,  sand  and  fine  gravel  which  at 
first  occupy  the  whole  section  are  replaced  by  coarse  strongly  current-bedded 
gravel,  interspersed  with  thick  beds  of  cleanly  washed  sand,  mixed  with  a 
uttle  warp  and  clay  towards  the  top.  The  base  of  the  cliff  is  for  the  most 
part  obscured  by  talus,  but  for  a  mile  to  the  southward  of  Ballakinnag 
seems  to  contain  little  or  no  boulder  clay.  Farther  south  a  massive  boulder- 
drift,  presenting  in  places  a  vertical  face  and  appearance  like  boulder- 
clay  but  of  whicn  the  matrix  is  chiefly  compressed  sand,  rises  up  from  the 
shore  and  occupies  the  lower  half  of  the  section.  The  slate  massif  lies 
«¥ithin  a  mile  to  the  south-eastward  of  the  section,  and  now  begins  to 
indicate  its  proximity  by  streaks  of  fine  grev  mud  (somewhat  like  Fuller's 
earth,  see  p.  447),  and  bv  small  slaty  debris  among  the  stratified  beds, 
increasing  in  quantity  and  size  as  we  go  southward.  Opposite  Orrisdalc 
the  stratified  beds  in  the  mounds  show  a  tendency  to  dip  m  a  general  wa> 
w^ith  the  surface  slope,  but  the  features  seem  to  have  been  accentuated  by 
subsequent  denudation.  The  section  on  the  southern  side  of  the  Head  has 
been  given  in  Fig.  88,  p.  339. 

The  shells  are  as  usual,  confined  to  the  coarser  stratified  beds  and 
boulder  clay,  and  do  not  occur  in  the  waip  or  silt ;  Telltna  baltktca,  Tur- 
ritella  tereora  and  Mytilus  edulis  are  the  most  plentiful,  but  probably  most 
of  the  species  recorded  from  the  east  coast  might  be  found  here  also  (see 
list,  p.  473).  Among  the  boulders  and  pebbles  the  following  are  more  or  less 
abundant : — Red  sandstone,  like  St.  Bees  Sandstone,  abundant ;  red  cal- 
careous sandstone  with  Carboniferous  fossils  rt^el  series  ?) ;  stained  and 
brecciated  Carboniferous  Limestone,  like  that  of  No.  2  Boring  ;  shale,  pro- 
bably Carboniferous ;  Permian  brockram  ;  grits,  greywackes  and  con- 
glomerates (from  Southern  Uplands)  abundant  ;  Galloway  granites ;  Ailsa 
Craig  riebeckite-rock ;  many  varieties  of  porphyrite,  diabase,  etc.  A  small 
collection  of  the  rarer  pebbles  was  examined  by  Mr.  J.  J.  H.  Teall,  who 
noticed  among  them  a  granite  and  a  quartz  porphyry  "  probably  Arran  "  ; 
another  *^  not  unlike  Qarabal  granite  "  ;  a  greenish  quartzite  ana  a  gneiss, 
"  Highland  rocks,  probably  Islay  "  :  and  a  basalt,  "  Tertiary  dyke,  Arran, 
or  Southern  Uplands."  Many  of  the  limestone-pebbles  show  the  borings 
of  Ciiona  and  Saxtcava  rugosdy  and  in  one  specimen  which  was  collected 
the  shells  of  the  latter  still  remain  in  the  cavities.  Rolled  bits  of  red  clay 
are  abundant  in  the  coarser  gravels,  and  denote  the  active  erosion  of  parts 
of  the  series  previously  deposited. 

The  encroachment  of  the  sea  has  not  been  quite  so  rapid  on  this  strip  of 
coast  as  at  Jurby.  The  loss  since  the  Ordnance  map  was  made  varies  from 
about  30  yards  near  Ballakinnag  to  a  few  feet  only  near  Orrisdale,  but 
increases  again  southward.  The  Blown  Sand  which  caps  the  cliff  ha? 
previously  been  described  (p.  404-6). 

At  Glen  Trunk  the  cliff  is  notched  down  to  shore-level  by  a  narrov 
ravine  throagh  which  the  water  from  Bishop's  Court  and  the  Orrisdale  basin 
reaches  the  sea ;  its  sides  are  slipped  and  grassy  and  reveal  no  sections. 
TTie  cliff  immediately  to  the  south  of  the  gap  shows,  at  the  top,  10  feet  of  well- 
washed  gravel  containing  much  slate,  apparently  a  Late-glacial  flood-gravel 
from  the  hills.  This  thins  out  southward,  but  its  place  is  soon 
taken  by  the  similar  but  far  more  extensive  graveJ  of  the  Kirkmichael 
platform.  The  drifts  below  this  gravel  resemble  those  on  tJie  northern  side 
of  the  ravine  :  the  section  has  been  described  and  figured  by  Mr.  Kendall, 
who  records  ifassa  serrata  (reticosa)  and  Fusuf  Forbesi  among  the  shells  he 
found  here. 

Half  a  mile  farther  south  the  cliff  is  a^in  broken  through,  by  Glen 
Balleira  (Sheet  7).  On  the  southern  margin  of  this  valley  the  following 
section  was  revealed  in  1897,  but  as  the  cliff  is  wasting  rapidly  in  this 

1  Op.  cit.,  Fig.  4  of  Plate. 
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quarter,  and  the  drifts  ure  very  variable,  it  may  since  have  been  modiEsd- 
Tho  i>oint  of  chief  interest  is  the  strong  unconformal.ilit/  between  the  «*• 
tortcd  sand  and  warp  series  and  the  upjwr  part  of  the  drift.  This  atructOR 
though  local  ia  none  the  leas  noteworthy,  as  it  affords  another  point  rf 
reseiubjance  betwee 
Yorkshire,  which  it  ,  , 

residnum  left  behind  on  the  multing  o „— -,  — - 

atoues." '    The  alaty  gravel  at  tho  top  belongs  to  the  Kirkmichael  pm- 
form  aboTc  meutiouM). 


al  13  none  the  leas  noiewonny,  as  ic  anoras  anouier  poiai  ui 
0  between  the  upper  at-jny  chiy  (4)  and  tbo  Hcssle  Chiy  of  Eut 
which  ia  often  similarly  placed  and  seems  to  havolw»''thB 
eft  behind  on  the  melting  of  a  sheet  of  ice  charged  with  clay  ud 


Fig.  105.     Cliff  on  the  south  side  of  Glen  Balleira,  Kirk- 
niichad,  height  about  76  feet. 


^ 


She 


T  alttB 


Boil  and  nandy  loam. 
C  Current -bedded  slaty  platform -gravel,  8  feet  thick. 

4  Stony  red  clay,  4  feet  thick. 

3  Current  bedded  sand  and  gravel. 

5  Contorted  warp  and  sand. 


In  the  gravel  platform  150  yards  S.  of  Glen  Balleira,  a  shallow  depret- 
sion,  intersected  by  the  cliff,  shows  4  to  6  feet  of  grey  alluvial  marl  and 
sandy  loam,  with  peaty  layers,  resting  on  rolled  slaty  gravel.  When  tneti 
inland,  this  hollow  expands,  and  is  broken  into  by  the  8.  side  of  the  sbon 
glen,  giving  partial  sections  in  which  alluvial  material  is  seen  in  plaoi 
as  far  eaatvranl  as  the  railway-crossing.  The  best  exposure  b  at  the  top  of 
Uie  cut-road  leading  southward  out  of  the  glen  to  the  fannst«ad  of 
Loghan  ny  Mai(^ey,  and  is  as  follows  :—■ 


Soil ;  grey  earthy  loam  with  a  few  atones    ■        ■        -     1  to  8 
Fine  Rravel  of  slate  and  (luarta  with  a  few  foreign 
pelililcs,  streaked  with  yellow  sand  and  pale  ailty 
sand  with  iicaty  Htain  :  cross-bedded  in  places         -  T 

Poat  with  small  peblijes  of  slate  and  streaks  of  sand, 

Ks-sing  into  sand  and  fine  gravel  both  above  and 
low li 

Probably    more  gravel  like    that  above,  hidden    by 
grassy  slope  on  side  of  road. 

'  Drifts  of  Flamboro'  Head.     Quart.  Joum.  Geol.  Soc,  vol.  xlviL,  p.  4J1 
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This  alluvial  hollow  api)ear8  to  mark  the  first  stc^e  of  the  excavation  of 
Glen  BallierOf  and  must  be  of  some  antiquity  as  it  is  20  to  30  feet  above 
the  bottom  of  the  present  ravine.  As  peat  with  arctic  remains  was  found 
in  sinking  a  well  on  the  gravel  platform  only  400  yards  farther  south  (see 
page  374),  some  of  the  peat  and  silty  sand  from  the  above  section  was 
sent  to  Mr.  J.  Bennie  for  examination,  but  yielded  nothing  by  which  the 
climatic  conditions  could  be  determined.  The  following  remains  were  recog- 
nised by  Mr.  Clement  Roid  in  the  washings  of  the  peat  :— 


Menyanthes  trifoliata, 

Viola  B^, 

CareXf  two  or  three  sp. 


Umbelliferous  fruit  (sp.  indet.). 
Beetles  (wing  cases). 


Immediately  to  the  S.  of  Kirkmichael,  the  drift  platform,  narrowed  to  Sl'*^  ™ 
little  over  hafi  a  mile  by  the  approach  of  the  hills  to  the  coast,  is  suddenly  '^yllin. 
trenched  on  a  larger  scale  than  heretofore,  by  Glen  Wyllin  wnich  forms  a 
little  caiion  over  100  feet  deep  with  an  alluvial  flat  in  the  bottom  and  the 
remnants  of  a  series  of  terraces,  marking  the  progress  of  erosion,  on  its 
sides.  These  terraces  are  very  clearly  euibited  near  the  mouth  of  the 
valley,  occurring  at  four  different  elevations,  the  highest  being  half-way  up 
the  slope  ;  they  prove  the  persistence  of  subaerial  conditions  since  the  re- 
excavation  of  the  valley  commenced. 

To  the  southward  of  this  glen,  the  cliffs  for  three-quarters  of  a  mile 
present  excellentsections  of  the  glacial  deposits  and  the  slaty  platform-gravel, 
of  which  the  following  may  be  taken  as  a  type : — 


Cliff'Section  160  to  200  yards  south  of  Glen  Wyllin.^ 


Late  •  glacial 
Flood-gravel 
(thicker     and  - 
coarser  south- 
ward). 


Top:  Loamy  Soil 

'Roughish  slaty  gravel,  sandy  in  places 

and  at  base 

Pale  grey  contorted  loam  with  pebbly 


Feet. 


pockets  and  streaks,  passing  into- 

id  anc" 


U 
14 
3 


Irregularly  bedded  sand  and  gravel  with 
some  clayey  layers  ;  the  gravel  smaller 
y    and  less  slaty  than  top  bed  •        -  about  10 

Upper     Boulder  /Band  of  red  sandy  clay  with  rounded 


Clay? 


Intermediate 
Stratified 
Series. 


Lower     Boulder 
Clay. 


\    stones  - 3to6 

^Irre^ar  ripple-marked  sand  with  some 

pebbles,  and  streaks  of  laminated  clay  about  12 
Greenish-grey      contorted     loam     and 
unctuous  clay  with  streaks  of  sand  and 

gravel 3  to    6 

Small  dark  gravel  and  sand,  with  shell- 

^    fragments 20  to  30 

^Red  sandy  clay  with  stones  and  shell- 
fragments;  interstratified  with  gravel 

at  top -  6 

Interval  concealed  by  talus  about  10 
Purple  boulder  clay  with  shells:  at  foot  of 
chff about  6 

Height  of  cliff  about    90 
Exposed  on  the  fo^-eshore. 
Red  pebbly  clay,  and  indurated   sand 
(scrablag^  crowded  with  broken  shells; 
contorted  and  mixed  together. 


^  An  adjacent  and  similar  section  has  been  figured  by  Mr.  Kendall, 
op.  cit,  Fig.  5. 


428  Details  of  Superficial  DEPosits. 

The  greenish  grey  silty  clay  about  35  feet  from  the  too  of  this  section 
seems  to  be  the  same  material  as  the  **  Fuller's  earth  "  of  tne  upper  reacbes 
of  Glen  Wyllin  (p.  447).  The  shelly  drift  below  the  foot  of  the  cuff  was  wdl 
exposed  on  the  foreshore  in  1895,  and  proved  richer  in  shells  than  anyotba 
portion  of  the  Manx  drift  known  to  me  except  that  passed  through  in 
Boring  No  .6  (p.  342) ;  it  appeared  to  be  a  strip  of  the  old  sea  bottom, 
dragged  up  and  only  partly  incorporated  with  the  boulder  clay ;  the  most 
abundant  species  was  Turritella  terebruy  but  there  were  also  many  others. 
Mr.  Kendall  found  a  similar  strip,  containing  however  an  altogether  diffident 
assemblage  of  species,  at  Point  Cranstal  on  the  east  coast  ^p.dt,  p.  4311 
With  sucn  material  in  the  body  of  the  ice-sheet,  the  presence  of  shells 
in  the  gravels  denasited  when  it  melted  is  easy  to  understand. 

As  the  solid  hills  api)roach  nearer  the  coast,  not  only  does  the  slatv  gravel 
at  the  ton  of  the  section  become  coarser  and  thicker,  but  slaty  a6bris  is 
also  found  abundantly  in  all  the  gravels.  At  Glen  Mooar  (Sheet  6X  a  wide 
gap  in  the  cliff  i  mile  S.  of  Glen  Wyllin,  the  top  gravel  is  15  feet  thidc ; 
but  a  few  hundred  yards  inland  on  the  plateau  it  is  at  least  twice  this 
thickness,  and  slate  fragments,  often  suban^lar,  constitute  over  d5  percent 
of  the  pebbles^  the  remainder  being  derived  from  the  drift  The  old 
terraces  of  erosion  are  almost  as  conspicuous  at  the  mouth  of  tiiis  glen  as  in 
Glen  Wyllin  ;  the  principal  ones  are  respectively  6  feet ;  10ft. ;  and  20  ft 
above  the  present  stream.  Slate  crops  up  in  the  bottom  of  the  valley  900 
yards  inland,  and  rises  above  the  sunace  of  the  drift-plateau  50  or  60  yards 
farther  east^  close  to  the  high-road.  Between  the  slate  outcrop  ana  the 
shore  there  is  an  excellent  section  of  the  glacial  deposits  in  tiie  south  bank 
of  the  valley,  which  has  been  fimiredand  described  ooUi  bv  Mr.  Homeland 
Mr.  Kendall '  as  illustrating  the  relation  between  the  local  and  foreign 
drift.  It  shows,  at  the  base,  15  feet  of  red  stony  clay  and  sand  of  the  usual 
*'  extra  insular '  character,  both  clay  and  sand  containing  shells ;  covered  hj 
20  feet  of  dark  grey  slaty  till,  made  up  almost,  but  not  altogether,  of  insular 
material ;  and  about  10  feet  of  slaty  platform-gravel  and  sand  at  Uie  top. 

Similar  features,  though  with  some  difference  of  detail,  are  repeated  in 
the  cliff-section  300  yards  farther  south,  where  the  slate  first  comes  out  on 
the  coast ;  and  immediately  beyond,  we  reach  the  section  at  Gob  ny 
Creggan  Glassey  discussed  and  figured  on  a  previous  page  (p.  348.  Figs. 
92,  93). 

The  loss  of  land  between  Kirkmichael  and  Glen  Mpoar  since  the 
Ordnance  survey  ranges,  as  a  rule,  between  20  and  30  yards.  From  the 
point  where  the  slate  enters  the  cliff,  to  the  southern  extremity  of  the 
Island,  the  rate  of  erosion  is  so  slow  as  to  be  of  no  practical  consequence. 

Eastern  Side  of  the  Northern  Plain. 

The  coast-sections  on  the  eastern  side  of  the  drift-plain  are  not  so  extended 
as  those  on  the  west,  and  owing  to  the  less  rapid  rate  of  marine  erosion 
are  more  frequently  obscured  bjr  talus :  but  at  Point  Cranstal  they 
comprise  one  of  the  grandest  cliffs  of  drift  in  the  British  Islands.  The 
general  character  of  the  deposits  has  been  indicated  in  the  diagram.  Fig.  96; 
to  which  the  additional  details  given  below  may  serve  as  explanation. 
tANSTAL.  Starting  at  Portcranstal,  on  the  southern  margin  of  the  Raised  Beach, 
we  have  at  first  a  comparatively  low  cliff,  composed  chiefly  of  stratified 
warp,  sand  and  clay,  locally  contorted.  The  sections  for  some  distance  are 
grassy  and  obscure,  but  become  bolder  half  mile  south  of  Portcranstal, 
where  they  are  composed  from  bottom  to  top  ^70  to  90  feet)  of  massive  red 
boulder-loam,  with  a  locally  varying  proix)rtion  of  sand  to  clay ;  and  tiua 
material  is  only  ol>scurely  bedded.  Stratified  drifts  then  reappear  in  the 
lower  half  of  the  cliff ;  and  afterwards  in  the  middle  portion,  dividing  the 
boulder-loam  into  two  parts.  As  we  draw  near  the  Bride  Hills  the  stratified 
deposits  assume  increasing  importance,  and  include  lenticular  masses  of 
coarse  current-bedded  gravel,  probably  marking  old  river  channels ;  as 

*  Trans.  Edinburgh  Geol.  Soc.,  vol.  iL,  pt.  iii.,  Fig.  11,  p.  21. 

*  Op.  cit.,  Fig.  7,  and  p.  413. 
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well  as  much  laminated  clay,  warp  and  silt,  often  passing  into  send 
contnsedlv  intenningled  with  stony  loam  and  boulder-clay.  The  whole 
series,  indeed,  bears  much  resemblance  to  the  *  Contorted  Drift '  of  the 
Norfolk  coast.  Shell-fragments  are  present,  but  in  smaller  numbers  than 
in  the  sections  farther  south.  The  gravels  are  in  places  full  of  round 
washed  lumps  of  clay,  and  the  sands  often  contain  streaks  of  coaly  matter. 

Just  before  rbing  into  the  steep  slope  of  Cronk-ny-Irey-laa  (267  ft. ;  the 
name  is  now  obsolete),  the  cliiBF  sinks  to  50  or  60  feet  above  CD.  in  a  broad 
shallow  depression  of  Late-glacial  erosion,  which  drains  away  from  the 
coast  into  Lough  Cranstal  (p.  418).    In  the  floor  of  this  hollow  a  few  feet  of 
washed  gravel  overlie  the  contorted  drifts.    The  ground  then  rises  to  over  Point 
200  feet,  blown  sand,  4  to  6  feet  thick  forming  the  top  of  the  section  Cranstai 
(p.  405).    The  rise  appears  to  be  due  partly  to  tne  thickening  and  partly  (better 
to  the  crumpling  up  of  stratified  drift,  the  beds  in  many  places  being  now  at  known  ai 
a  far  steeper  angle  than  the  angle  of  rest  of  such  matenat  during  deposition.  Shellaq), 
This  great  section  contains  little  or  no  boulder-clay,  the  chief  constituents 
being  red  and  purple  laminated  clay,  warp  and  sand,  without  fossils  ;  and 
thick  irregular  masses  of  current-bedded  gravel  and  sand,  containing  many 
worn   and  fragmentary  shells   often   locally  cemented  into    *  hard-pan' 
(^  scrdfdag*  of  the  Manx)  which  where  the  beds  are  tilted  weathers  out 
mto  picturesque  reefs  and  spires  above  the  crumbling  slopes.    Where  the 
beds  are  horizontal,  the  cemented  material  often  takes  the  form  of  long 
flattened  rods,  generally  with  the  long  axis  approximately  N.  30  W. — 
S.  30  E.,  indicating  the  direction  of  underground  percolation  of  water  :  in 
some  instances  it  occurs  along  joint  faces,  and  has  then  a  curious  dyke-like 
aspect    Blocks  of  this  material  accumulate  in  such  abundance  at  the  foot 
of  the  cliff  that  they  have  been  largely  used  for  dry- walling ;  the  lime 
which  constitutes  the  cement  comes  from  the  solution  of  shells  and  lime- 
stone pebbles ;  it  is  redeposited  wherever  the  underground  drainage  is 
checked.* 

On  the  southern  side  of  the  hill  another  deep  hollow  occurs,  its  bottom 
like  the  last^escribed,  containing  a  little  flood-gravel  and  falling  away 
inland  (see  map.  Fig.  97).  The  long  talus  slopes  of  the  cliff  to  the  south- 
ward of  this  place  constitute  the  favourite  collecting  ground  for  the  shells  of 
the  drift  (see  list,  p.  473).-  The  deposits  here  assume  a  more  regular  stratifica- 
'  tion,  and  contain  less  coarse  material  as  we  pass  to  the  southern  side  of  the 
chain  of  mounds.  At  the  edge  of  the  platform,  immediately  south  of  the 
mounds,  we  find  the  section  as  figured  on  p.  339  (Fig.  88).  South  of 
Kionlough  the  cliffs  are  sloped  and, grassy,  and  it  is  only  at  intervals  that 
their  structure  is  revealed  ;  out  there  seems  to  be  a  general  tendency  for 
the  gravels  to  die  out,  leaving  only  the  fine  stratified  silt  and  warp ;  with 
a  band  of  red  stony  clay  or  loam  in  the  upper  part,  and  tougher  boulder- 
clay  at  the  base.  At  Sea- view  we  descend  rather  sharply  from  the  ui)i)er  Seaview 
platform,  at  90  to  100  feet  above  O.D.,  to  the  second  platform  at  55  to  65  (Dog-mil 
feet  (Fig.  96,  p.  355),  but  this  definite  terrace-feature  fades  away  within  a  to  Rams] 
short  distance  inland  (p.  436).  It  is  noteworthy  that  the  natural  drainage 
of  a  little  alluvial  hollow  within  200  yards  of  the  coast  at  this  place  follows 
a  winding  channel  inland  to  the  eastern  curragh  and  thence  to  the  Sulby 
River,  flowing  5  miles  before  it  reaches  the  sea  at  Ramsey. 

Two  hundred  yards  S.  of  Sea-view  the  cliff  showed    the    following 
section : — 

Feet. 
At  the  top  •  irregular  gravel,  yellow  sand  and  pale  silty 

sand  :  =  Platform-gravel     - 3    to  8 

Tou^h  red  pebbly  clay,  semi-stratified  ;  top  uneven ;  con- 

tams  shell  fragments  :  =  Upper  Boulder  clay  -  -  2  to  8 
Stratified  sand,  silt  and  warp,  locally  contort^  -  -  20  to  30 
Base  hidden  ;  probably  red  clay. 


*  See  Henalow,  Trans  Geol.  Soc.,  vol.  v.,  p.  495. 
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In  the  mile  intervening  between  this  section  and  Bamsejr  the  sea  is 
debarred  from  the  foot  of  the  cliff  bjr  a  low  narrow  terrace  rising  only  a 
few  feet  above  high- water  mark.  It  is  not  clear  whether  this  is  a  atoim- 
beach  of  recent  times  slightly  raised  by  blown-sand,  or  whether  it  represents 
the  Raised  B^u^h.  It  merges  at  North  Ramsey  into  the  sdiingle-bar  of  The 
Mooragh,  behind  which  lay  the  old  course  of  the  Sulby  River  before  its 
pre^nt  direct  outfall  through  Ramsey  Harbour  was  opened.  By  the  erection 
of  a  8-a-wall  the  bar  has  been  reclaimed  and  converted  into  buildinc 
ground,  and  the  depression  behind  it  into  a  park.  "Hie  section  in  the  old 
cliff  behind  The  Mooragh  has  been  describea  and  figured  by  Mr.  Kendall^ ; 
it  resembles  that  given  above.  In  an  excavation  for  a  sewer  at  the  northern 
end  of  the  Mooragh,  described  by  Dr.  Tellet  and  Mr.  Kermode.  numeroias 
shells  were  found  in  a  bed  of  boulder-clay  12  to  15  feet  tnick ;  and 
Dr.  Tellet  notes  that  two  examples  of  Tellina  bcUthica^  embedded  in  hard 
grey-brown  boulder-clay,  had  their  valves  united  and  closed,  and  full  of 
a  white  silicious  sand  in  which  were  some  foraminifera.^ 

In  the  foundations  for  the  Swin^^^-bridge  across  Ramsey  Harbour  the 
following  section  was  obtained,  which  shows  the  comix>sition  of  the  drift 
below  sea-level  :— 

Ft  in. 

Sand  and  beach-shingle 70 

Stiff  red  clay  ^calcareous) 40 

Soft  silty  sand 14    0 

Stiff  red  clay 19 

Soft  silty  sand 59 

Stiff  red  clay        -        - 2    6 

Hard  compact  sand  and  shingle 15    6 

Total 50    6 

The  low  part  of  Ramsey  on  the  southern  side  of  the  Harbour  stands  on 
a  wedge  of  Raised  Beach  which  has  been  preserved  in  the  recess  at  the 
estuary  of  the  river.  The  ancient  drift-cliff  still  forms  a  steep  bank  behind 
Waterloo  Road,  gradually  becoming  less  markod  and  merging  into  the 
valley-sloj)e  when  traced  westward. 

Sca-defencea  conceal  the  section  south  of  the  town  until  we  reach  Ballnre 
Glen,  though  tough  red  stony  clay  containing  shell-fragments  is  sometimes 
visible  in  the  slope  above  the  wall  south  of  the  Promenade  Pier,  and  also  on 
the  foreshore  wnen  the  sand  is  washed  aside.  The  excellent  section 
between  Hal  lure  Glen  and  the  slate-cliffs  has  already  been  described  and 
figured  (Fig.  91,  p.  346). 

Preliminary  Note  on  Interior  op  the  Northern  Plain. 

The  difficulty  often  found  in  the  conventional  separation  of  glacial  depoeits 
into  *  boulder-clay,*  and  *sand  and  gravel,'  makes  itself  keenly  felt  in 
mapping  this  area.  On  the  one  hand  the  material  which  from  a  geologist^s 
standpoint  is  *  boulder-clay '  is  frequently  so  sandy  or  stony  as  to  yield 
a  light  loose  soil ;  while  on  the  other  hand  the  laminated  clay  and  warp 
which  form  an  important  constituent  of  the  stratified  portion  of  the  serieL 
though  necessarily  taken  as  part  of  the  ^  sand  and  gravel '  drift,  make  stin 
clay-Tand  at  the  surface.  A  thin  superficial  coating  of  sand,  either 
wind-drifted  or  rain-washed,  is  also  very  prevalent  on  flat  ground, 
even  when  the  subsoil  is  clay.  Under  these  conditions  the  representation 
of  the  divisions,  especially  on  the  small-scale  map,  must  sometimes  be 
misleading  as  to  the  character  of  the  soil  and  must  not  be  too  strictly 
interpreted.    As  a  general  rule,  however,  the  clay-land  has  been  shown  on 

»  Op.  cit ,  Fig.  1  and  p.  410. 

>  Kermode,  Tn  Lioar  Manninagh,  vol.  i.,  No.  4,  p,  96,  and  Tellet^  Trans. 
Manx.  Geol.  Soc,  1889-90,  p.  6. 
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the  map  by  the  '  boulder-clay '  colour,  and  the  light  land  by  the  '  sand  and 
eravel '  colour,  irrespective  of  technical  nomenclature^  wherever  this  could 
be  done  without  violence  to  the  geological  interpretation.  Some  deviation 
from  this  rule  will  be  dulv  noted  in  subsequent  pages. 

For  information  as  to  the  internal  structure  of  the  drifts,  it  is,  of  course, 
to  the  coast-sections  that  we  should  chiefly  apply  ourselves.  But  as  an 
object-lesson  in  the  development  of  a  drainage  system,  the  interior  of  the 
plain  is  of  great  interest.  The  obliteration  of  all  pre-existing  topography 
therein  by  the  glacial  deposits ;  and  the  ease  with  which  new  channels  of 
superimposed  drainage  have  been  carved  out  in  the  soft  materials,  to 
be  afterwards  partially  or  completely  abandoned  under  changed  conditions  ; 
have  given  rise  to  phenomena  which  might  serve  as  an  epitome  of  the 
history  of  the  physiographic  evolution  of  many  a  larger  and  more  enduring 
tract :  and  witn  the  increased  attention  now  given  to  these  studies,  the  area 
may  oe  recommended  as  an  enticing  field  for  any  investigator  with  leisure 
to  follow  up  the  subject  in  detail. 

For  our  present  purpose,  the  district  will  be  described  under  the 
foUowing  suD-headings  : — the  Bride  Hills  and  their  westerly  prolon^tioh 
up  to  the  Lhen  ;  the  Jurby  Platform,  west  of  the  Lhcn  and  north  of  Killane 
nver  ;  the  Andreas  Platform,  between  the  Lhen  and  the  oast  coast ;  and  the 
Curragh  Basin. 

Bride  Hills. 

A  westerly  segment  of  the  moundy  ridge,  sei>arated  from  the  Bride  Hills  Balla- 
nroper  by  a  broad  shallow  depression,  runs  E.N.E.  from  the  Liien  to  macskkll 
Knock-e-Dooney,  rising  50  or  60  feet   above  the  plateau.     Its  easterly  (Balla- 
portif)n  shows  principally  sand  and  gravel  at  the  surtfCce ;  but  farther  west  thona  cp 
a  more  compact  drift  with  pebbles  and  boulders,  occasionally  well  glaciated,  Jl^^T^ . 
set  in  a  sandy  matrix,  is  seen  in  the  road-cuttings  crossing  the  ridge.    One  ij^p  \      ' 
of  these,  at  liallamacskelly,  yielded  an  unusually  large  suban^lar  fragment         ' ' 
of  the  Ailsa  Craig  riebeckite-rock,  8  inches  in  diameter,  bemg  the  largest 
piece  observed  during  our  survey.    In  places  this  boulder-drift  is  mingled 
with  more  clay,  and  has  then  been  du^  for  *  marling,'  having  apjmrently 
been  preferred  for  this  purpose  to  the  stiffer  clays.    An  old  marl-pit  on  the 
north  side  of    the  ridge,  350  yards  W.  of  Knock-e-Dooney  farmstead, 
showed  (in  1895)  a  contorted  bed  of  fine  gravel  full  of  shells,  under  or 
among  red  stony  loam.    The  following  shells  were  collected,  and  longer 
search  would  no  doubt  have  made  additions  to  the  list :  TurriUlla  tet'ebra 
(very  common) ;  Murex  eHnaceiis ;  Tropkon  clathratus ;  Pnrmira  UiniUui  ; 
Pleurotonia  turr^'cttla  ;  Fusits^    fij), ;    A sf arte   sidcdta ;  Tetliiia  biuihica; 
Mactra  solida  ;  CorlnUa  gihfHi ;  ifytilus  sp. ;  Pecten  sp. ;  Balanus  sp. 

The  strip  of  lower  ground  to  the  northward,  between  the  ridge  and  the 
old  cliff  eidging  the  liaised  l^ch,  is  underlain  chiefly  by  boulder-loam, 
modified  in  places  by  a  little  blown  sand  on  the  surface.  There  are 
numerous  old  marl-])its  in  this  tnict,  and  some  large  boulders  of  granite, 
diorite,  etc.,  in  the  fences.  From  the  S.W.  end  of  the  ridge  the  ground 
falls  away  to  the  Lhen  valley  in  terraces  which  are  more  or  less  gravelly ; 
the  lowest  is  a  narrow  bank  which  belongs  to  a  late  stage  in  the  excavation 
of  the  valley,  but  the  two  higher  are  broad  sloping  platforms  which  cannot 
be  assigned  to  ordinary  fluviatile  action  ;  the  highest  probably  represents 
the  high-level  Jurby  platform,  and  the  second  the  Late-glacial  Curragh  Lake 
terrace.  They  are  broken  through  and  destroyed  on  the  east  by  a  little 
winding  glen  which  runs  ]>arallel  to  the  southern  side  of  the  ridge,  and 
drains  m  part  from  a  small  irregular  alluvial  hollow  at  Ballacunner,  and  in 
part  by  artificial  trenches  from  a  broader  depression  N.  of  Andreas.  The 
walls  of  an  old  cottage  on  the  lower  terrace  at  Ballaclucas  (Sheet  2),  con- 
tained (in  1894)  a  good  collection  of  large  boulders,  among  which  were  a 
mica-trap  and  a  coarse  granite  with  large  pink  felspars.  Chipped  flints  are 
rather  abundant  near  the  margin  of  the  Lhen,  not  only  in  this  locality  but 
throughout  its  course.  Where  the  gravelly  terraces  fade  out,  the  low  slopes 
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bordering  the  ridge  on  the  south  become  more  loamv,  and  the  difference  u 
composition  between  the  low  ground  and  the  neighbouring  high  gromid  ii 
scarcely  perceptible  ;  they  have,  however,  been  differently  coloured  on  tbe 
map,  for  the  sake  of  defining  the  shape  of  the  ridge. 

The  depression  between  the  eastern  termination  of  the  above  ridm  at 
Knock-e-Dooney  and  the  western  termination  of  the  main  chain  ^  Uie 
Bride  Hills  near  Smeale,  has  been  referred  to  as  a  possible  outlet  frcon  thf. 
lake  waters  at  their  higher  stage  (p.  372).  It  has  a  breadth  of  about  half  a 
mile,  and  an  elevation  of  75  to  80  feet  above  sea  level ;  it  is  covered  with 
gravelly  loam  resting  on  the  usual  mixed  boulder-drift.  Part  of  its  floor  is 
occui)ied  by  a  chain  of  curious  shallow  depressions,  which  form  natural 
ponds  partly  dry  in  the  simimer.  The  most  southerly  of  these,  Lam/p/k 
Jlooar  (Sh.  3X  is  the  largest,  bein^  400  yards  long  by  250  yards  broacf ;  in 
its  mid&t  there  rises  an  artificial  mound.  The  ^u^^fie,  marked  font 
on  the  ordnance  map.  The  smaller  but  deeper  hollow  of  Curragh-y-ccntU 
lyin^  200  yards  fartner  north  is  connected  with  the  former  by  a  narrow  strip 
of  alluvium,  on  which  coarsely  chipped  flints  of  larger  size  than  those 
usuall}^  found  in  the  island  are  peculiarly  abundant.  Another  pond,  near 
Ballakinnag  300  yards  farther  north,  appears  to  have  drained  originally  to 
Curragh-y-CowU^  thence  to  Lagagh^  and  westward  to  the  IJaen ;  but 
afterwards  the  whole  system  was  tapped  by  a  little  valley,  indicated  liy  a 
strip  of  alluvium  on  the  geolo^cal  map,  falling  north-eastward  to  the 
Raised  Reach  opposite  SmeaJe.  Like  the  depressions  at  about  the  same 
elevation  on  the  gravel  platform  at  Ballaugh  in  which  the  elk-remains  were 
found  (p.  375),  these  hollows  may  possibly  be  due  to  eddies  in  the  current 
entering  or  leaving  the  old  lake.  Their  mode  of  occurrence  separates  them 
from  the  *  kettle-holes '  often  found  among  morainic  drifts  as  tney  are  con- 
fined to  the  terraces^  and  do  not  occur  among  the  mounds.  Among  the 
numerous  boulders  m  and  around  the  building  of  this  locality  is  one  of 
unusual  character,  (lossibly  from  the  Lower  Silurian  Volcanic  series  of  the 
Lake  District,  measuring  4  feet  by  3  feet  by  2  feet^  at  the  gateway  of  the 
old  cottage  on  the  nortn  side  of  the  high  road  immediately  west  oi  the 
alluvial  hollow  between  Curmgh-y-Covie  and  Lagagh  Mooar. 
N.  OF  The  termination  of  the  Bride  Hills  on  the  eastern  side  of  the  depression 
EAS.  above  described  is  more  gradual  than  that  of  the  opposite  ridge ;  and  ii 
indeed,  illndefined.  Its  mdefiniteness  is  largely  due  to  the  complicated 
effects  of  ancient  flood-erosion,  which  has  trenched  the  hills  first  in  one 
direction  and  afterwards  in  another'  nearly  at  right  angles  to  the  first 
The  oldest  system  is  represented  by  two  broad  troughs  running  almost 
parallel  to  the  hill-range,  or  from  east  to  west  nearly  ;  the  more  northerly 
has  a  course  of  about  \i  miles,  starting  east  of  Thurot  Cottage,  passing  to 
the  south  of  Smeale  Beg  and  o|)ening  near  Knock-e-nean  into  tne  above- 
described  depression  ;  the  more  southerly,  starting  near  West  Kimmeragh 
(see  plan,  Fig.  97,  p.  375),  has  probably  once  continued  to  Johneois,  but 
has  had  its  southern  side  broken  away  east  of  Braust.  These  channels  were 
probably  abandoned  from  some  change  in  the  glacial  lake-level ;  and  a 
new  system,  draining  southward  more  or  less  at  right  angles  to  the  ridge, 
was  then  initiated,  which  carved  out  dee|>er  and  narrow  valley  and  80(m 
truncated  the  older  hollows.  The  western  end  of  the  hills  is  from  this 
cause  not  only  notched  and  broken  but  likewise  obscured  by  flood-fans  of 
gravel. 

As  mentioned  in  a  previous  description  (p.  358),  some  of  the  transverse 
valleys  have  trenched  the  ridge  from  side  to  side.  In  these  cases  their  floois 
have  a  long  gradual  8loj>e  southward  and  a  shorter  sharper  gradient  north- 
ward from  a  low^  col  lying  to  the  north  of  the  centre  of  the  hill-range,  this 
northward  slope  apjwirently  marking  reversed  drainage  on  a  small  scaJe, 
which  asserted  itself  when  the  margin  of  the  ice-sheet  had  shrunk  back 
from  the  ridge.  The  high-road  crossing  the  ridge  north-eastwurd  from 
Andreas  past  Thurot  Cottage  is  carried  through  one  of  these  valleys; 
the  Ordnance  levels  along  it  show  a  rise  of  from  90  feet  above  O.D.  on 
the  gravel  platform  near  Braust  to  238  feet  at  the  col  a  mile  farther 
north,  and  a  fall  thence  northward  to  130  feet  in  the  next  600  yards,  the 
valley-slopes  rising  steeply  50  to  60  feet  above  the  lOdA  in  the  pass.    A 
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mile  farther  east  another  similar  valley,  which  may  be  taken  as  the  typical  North  • 
example,  has  been  utilised  for  a  branen  from  the  Bride  highroad  leiaiding  Kibk  Bi 
past  Xambhill  to  Cranstal  (see  plan  Fig.  97,  p.  357) :  the  broad  inclined 
floor  of  this  valley  spreads  out  into  the  sand  and  gravel  delta  south  of  East 
Kimmeragh,  and  the  steep,  well-preserved  slones  on  both  sides  rise  60  to  80 
feet  above  it, — eloi^uent  tokens  of  the  former  now  of  a  considerable  stream. 
and  in  striking  disparity  with  the  i)re8ent  aridity  of  the  loose  gravelly  soil 
of  the  valley.  Another  example,  not  so  deeply  notched  on  the  crest,  leads 
across  from  Ballavarkish  to  Bstllacottier,  less  than  ^  mile  farther  east ;  this 
is  tributary  to  a  broad  depression  of  the  older  type,  150  to  250  yards  wide, 
which  has  its  down-slope  inland  and  runs  east  and  west,  between 
Ballavarkish  and  Ballavair,  until  beheaded  by  the  coast-line  S.  of  Point 
Cranstal,  as  mentioned  on  p.  429. 

The  ramifying  system  of  minor  valleys,  running  in  every  direction  among 
the  hills  ana  falling  southward,  needs  no  description  beyond  that  already 
given  (p.  356  and  Figs.  95, 97).  Not  only  are  all  these  valleys  without  present 
drainage,  but  they  have  also  been  in  this  state  since  the  time  when  the 
hi^h-level  gravel-platform  was  spread  out  at  their  mouths,  as  this  platform 
is  in  no  case  trenched  where  they  emerge  upon  it. 

In  composition,  the  Bride  Hills  are  evidently  much  the  same  throughout 
as  in  the  coast-section  at  Point  Cranstal  (p.  355).  Sand  and  gravel,  the 
latter  sometimes  coarse  and  bouldery,  predominate  between  the  summit 
and  the  southern  margin,  but  are  interspersed  with  patches  of  boulder-loam 
and  stratified  clay,  into  which  marl-pits  have  been  opened ;  and  on  the 
northern  slopes  boulder-loam  and  clay  is  the  prevalent  constituent. 
The  general  arrangement  confirms  the  evidence  of  the  coast-section  in 
showing  that  though  the  hills  have  been  modified  by  denudation,  they  are 
essentially  a  feature  of  original  accumulation.  Large  boulders  are  plentiful 
in  both  tne  stratified  and  unstratified  portions ;  and  are  being  constantly 
dug  out  to  prevent  them  impeding  tne  plough  (all  except  the  steepest 
slopes  being  under  cultivation),  and  because  of  their  general  utility  for 
road-mending  and  building  in  this  otherwise  stoneless  country.  Those  of 
Galloway  granite  are  the  most  abundant,  and  may  be  seen  in  profusion  in 
the  fences  and  buildings,  as  for  instance  in  Bride  Church  ;  the  larger  blocks 
of  this  rock  were  formerly  often  shai)ed  into  agricultural  rollers.  A  fine 
granite  boulder  measuring  9  feet  by  4  feet  hy  5  feet  was  noticed  in  an  old 
marl-pit  }  mile  N.E.  of  Braust.  Lower  Silurian  grit  from  the  Southern 
Uplands  is  also  abundant,  of  which  a  good  example,  8  feet  by  6  feet  by 
6  leet,  which  had  been  split  by  blasting  but  not  removed,  lay  near  the 
eastern  fence  of  a  field  400  yards  S.  by  E.  of  Ballakilley.^ 

The  altitude  of  the  highest  |K)int  of  the  Bride  Hills  is  not  given  on  the 
Ordnance  map,  but  the  Admiralty  chart  gives  310  feet  as  the  height  of 
the  summit  of  Ballacash  Hill,  one  mile  W.  of  Bride  Church. 

The  lower  drift-ground  to  the  X.  of  the  Bride  Hills,  abruptly  truncated 
northward  by  the  old  clifif  overlooking  the  Raised  Beach,  is  1^  miles  in 
width  near  the  E.  coast,  but  narrows  to  J  mile  westward.     It  forms  a 

gentle  slope  falling  northward,  but  is  broken  by  the  long  irregular 
oUow  of  Lough  Cranstal,  which  has  once  held  a  small  lake  out  is  now 
drained  to  the  condition  of  a  waterlogged  fiat.  Into  this  hollow 
from  the  northern  side  of  the  hills  run  little  shallow  valleys. 
some  of  which  are  now  dry,  while  others  still  retain  rivulets  in  artificial 
ffutters.  The  aUuvium  of  the  hollow  is  merely  a  thin  sandy  wash  derived 
from  the  drifts,  with  a  peaty  surface  in  places ;  but  there  are  indications 
that  the  depression  was  originally  excavated  by  a  stream  strong  enough  to 
transport  gravel  and  form  terraces.  There  is  a  predominance  of  rather  stiff 
■oil  on  the  slope,  varying  from  clay-land  to  sandy  stony  loam,  and  the 
greater  part  has  therefore  been  coloured  on  the  map  as  ^  boulder  clay ;' 

*  For  details  of  some  of  these  boulders,  see  Rev.  S.  N.  Harrison's  lists  in 
Reports  of  Erratic  Blocks  Committee,  British  Assoc.  Reps.,  for  1891-2-3. 
ana  Yn  Lioar  Manninagh,  vol.  1.,  no.  11,  p.  375. 
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but  the  numerous  old  marl-pits  ahow  that  while  in  aome  places  the  subtil 
is  true  boulder-drift,  in  others  it  is  stratified  clay  or  warp  without  stones,  and 
in  both  cases  often  mixed  confusedly  with  patches  of  sand  and  gravel.   One  or 
two  localities  in  which  sand  and  gravel  attain  ascendency  have  been  indicated 
on  the  map.  The  absence  of  the  gravel  delta-platforms  on  this  side  of  the  hilK 
which  are  so  conspicuous  on  the  opposite  side,  shows  that  the  drainage 
conditions  have  been  very  different ;  and  the  whole  evidence  sustains  tne 
view  already  put  forward  (p.  358)  that  the  hills  have  accumulated  as  a  moraine 
along  the  margin  of  the  ice-sheet  during  a  |iause  iu  its  retreat,  and  have 
been  dee]  >ly  trenched  by  heavy  Hoods  pouring  across  them  from  the  ice  into 
Lake  Andreas. 

The  Jnrby  Platform. 

The  shape  and  character  of  the  tract  bordering  the  coast  in  the  pansh  of 
Jurby  suggest  that  higher  land,  forming  a  Imk  between  the  Orri^dale 
mounds  and  those  near  Ballamacskelly,  has  been  destroyed  by  the  sea.  The 
ground  still  for  the  most  .part  rises  towards  the  cliff;  and  high-lying 
moundy  gravel  north  of  Sartfield  probably  marks  the  inner  slope  of  a 
vanished  ridge ;  while  the  elevated  clayey  strip  to  the  southward,  in  which 
are  several  old  marl-pits,  may  indicate  a  further  segment  of  the  ridge.  To 
the  eastward  lies  the  great  gravel  platform,  stretching  N.  and  S.  for  two 
miles  from  the  Ballaghaie  to  Ballateare,  and  E.  and  W.  for  2i  miles  from 
Jurby  to  the  Lhen  valley.  The  average  altitude  of  this  platform  is  about  80 
feet  above  O.D.;  ^it  rises  to  90  feet  in  the  vicinity  of  Sartfield,  where  the 
gravel  is  probably  thickest ;  and  falls  to  70  feet  towards  its  bouthen 
boundary  and  towards  the  Lhen,  where  the  material  scantily  covers  the 
underlying  beds.  The  distribution  of  the  gravel  with  a  generally  even  sur- 
face over  a  tract  of  this  extent  precludes  ordinary  stream  action  ;  and  the 
trend  of  the  whole  evidence,  as  previously  stated,  is  against  the  possibility 
of  marine  agency ;  while  the  hypothesis  of  the  former  presence  of  a  lake 
appears  to  explain  satisfactorily  all  the  facts.  From  the  steady  thickening 
and  incrca.sing  coarseness  of  the  gravel  towards  the  north-west,  we  may  be 
tolerably  certain  that  the  material  was  brought  down  into  the  lake  from 
that  (luarter  ;  and  of  this  we  have  confirmatory  evidence  inasmuch  as  the 
surface  of  the  platform  becomes  undulating,  and  rises  near  Jurby  School- 
house  into  low  ridges  of  bouldery  gravel  striking  W.N.W.  to  E.S.R  and 
then  merges  insensibly  into  the  gravelly  mounds  near  Sartfield. 

In  the  Manx  agricultural  districts  the  houses  are  generally  scattered 
broadcast  over  the  land  ;  but  on  this  platform,  as  the  map  shows,  they  are 
rare,  on  account  of  the  lack  of  water  near  the  surfice,  a  condition  to  which 
Manx  farmers  are  not  accustomed  (see  i>.  570).  The  fannsteads  are  therefore 
ranked  along  its  southern  edge  where  water  is  given  out  at  an  under  Iving 
clay-bed,  and  in  its  eastern  part  where  the  gravel  is  thin.  A  well  at 
the  N.M  corner  of  a  field  6.50  yards  S.  of  Loughan  is  said  to  have  i)assed 
through  20  feet  of  sand  and  gravel,  to  clay. 

The  nortli-eaatern  part  of  the  plateau  is  not  so  regular  iu  composition  and 
simple  in  structure  as  the  south-western,  Imng  broken  by  little  valleys 
sloping  eastward  or  south-ciistward  towards  the  Lhen,  and  by  tracts  in  which 
there  is  f  carcely  sufficient  covering  of  silty  sand  and  fine  gravel  to  conceal 
the  underlying  clay.  Though  on  the  published  map  the  only  i>art  of  thi^ 
ground  coloured  as  clay  is  a  lenticular  strip  between  Ballachrink  and  Balla- 
chonley,  there  are  other  tracts  in  which,  while  ^e  soil  itself  is  sandy 
or  gravelly,  it  is  underlain  by  clay  within  a  foot  or  two  of  the  surface: 
one  sucli  area  occurs  N.W.  of  Khendhoo  and  another  round  Loughan; 
and  even  farther  in  the  interior  of  the  plateau,  about  half  mile  S.E.  of  Jurby 
Church,  red  clayey  soil  unexpectedly  reveals  itself.  The  gravels  have 
]>robal)ly  been  deposited  on  an  uneven  surface  of  clay  ;  and  their  thinning 
away  towards  the  east  and  north-east^^  where  the  ground  sinks  to  70  feet, 
denotes  the  position  of  the  outskirts  ot  the  delta. 

The  longest  of  the  above-mentioned  channels  cutting  the  platform  starts 
from  a  little  boggy  basin  at  Loughcroute,  which  has  a  margin  of  sandj 
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alluvial  wash  with  some  peat  in  the  middle,  and  seems  to  be  of  tie  same 
character  as  those  around  Lagagh  Mooar  previously  described.  The  trench, 
a  mile  in  length,  with  the  present  drainage  tricklmg  m  an  artificial  gutter  in  its 
midst,  runs  south-eastward  to  the  Curragh  end  of  the  Lhen  Valley,  ]>assmg 
through  another  small  basin  on  the  vray.  Several  shorter  valleys,  also 
draining  to  the  Lhen,  trench  the  platform  to  tne  north  of  this  ;  while  to  the 
westward  are  others,  of  which  those  of  Ball<ickurry  (Sh.  4)  and  Berrag  (the 
latter  with  a  small  peat  bog  in  its  floor)  are  the  largest,  falling  southward 
to  the  lower  terrace  bordering  the  Curragh.  From  the  manner  in  which 
the  last-mentioned  valleys  terminat^^  upon  this  terrace  we  may  judge  that 
they  were  excavated  at  the  period  when  the  lake  had  subsided  to  its  lower 
or  40  ft.  level. 

The  sharp  feature  which  marks  the  descent  from  the  upper  platform  to 
the  lower  platform  has  been  noticed  in  describing  the  western  coast-section 
(p.  423).  For  three  miles  eastward  from  the  coast  it  continues  to  form  a 
regular  bank  30  or  40  feet  high,  broken  here  and  there  by  the  above- 
mentioned  little  valleys,  and  diversified  by  the  trees  and  gardens  sur- 
rounding the  chain  of  substantial  farmsteads  which  are  placed  upon  it. 
Swinging  northward,  the  feature  then  makes  the  western  bank  of  the 
Lhen  Valley,  and  in  this  guise  sweeps  round  the  platform  to  the  coast 
again.  That  it  is  throughout  its  course  a  denudation-feature  there  can 
be  no  doubt.  In  the  Lhen  Valley  it  has  been  carved  out  by  fluviatile 
action,  but  elsewhere  apparently  by  lacustrine  agency.  Almost  everywhere 
this  l^nk  is  in  part  composed  of  clay,  sometimes  stony,  but  oftener  of  the 
stratified  warpy  Kind.  Usually  the  clay  is  overlain,  and  sometimes  also 
underlain,  by  sand  and  gravel :  so  persistent  is  this  arrangement  that 
the  different  beds  might  almost  have  been  shown  on  the  map,  if  the  scale 
would  have  permitted,  with  regular  outcrops,  just  as  one  might  show  an 
equivalent  thickness  of  horizontal  *  solid' strata.  Such  regularity  is  very 
unusual  in  the  drift-sections  of  the  Island. 

The  Lhen  valley,  of  which  the  general  characters  have  previously  been  Lhen 
described  (p.  373),  forms  the  boundary  between  the  parisnes  of  Andreas  Vallvv. 
and  Jurby.  The  drain  cut  about  250  years  ago^  along  the  middle  of  the 
broad  flat  valley-floor  now  carries  a  steady  flow  of  water  from  the  noithern 
edffe  of  the  Curragh,  but  previous  to  its  excavation  there  does  not  appear 
to  nave  been  any  distinct  water-course  in  the  glen ;  and  it  is  probably  because 
of  the  former  absence  of  a  definite  channel  that  the  parisn-boundary  runs 
along  the  foot  of  the  western  bank  instead  of  dividing  the  valley  between 
the  two  parishes.  In  many  places  there  is  a  thin  superficial  layer  of  peat 
in  the  bottom,  which  here  and  there  has  been  cut  for  fuel ;  but  the  flatness 
of  the  floor,  even  where  widest  (over  300  yards),  appears  to  have  been  due  to 
the  broad  shallow  character  of  the  stream  by  which  the  valley  was 
excavated  and  not  to  a  later  infilling  by  boggy  gro^vth,  as  within  three 
or  four  feet  of  the  surface  the  artificial  trench  seems  to  possess  a  firm 
bottom  of  washed  sand  (sometimes  rather  i)eaty)  and  fine  gravel  throughout 
its  length.  At  the  great  bend  near  Ballacnrink  where  the  course  changes 
from  northerly  to  westerly,  the  valley-slopes  exhibit  a  steep  bluft"  on  one 
side  with  a  more  broken  and  gradual  descent  on  the  other,  such  as  is  usual 
in  stream-banks  where  erosion  has  recently  been  in  active  progress.  Where 
it  leaves  the  Curragh,  the  valley-bottom  is  30  feet  above  0.l3.,  and  is  not 
more  than  a  foot  or  two  lower  opposite  Bal'a  hristory  1 J  miles  farther 
north.  Low  discontinuous  terraces  of  sand  and  gravel  occur  here  and  there 
within  the  Lhen.  chiefly  as  small  deltas  near  the  confluence  of  subsidiary 
valleys ;  but  on  tne  whole  these  marks  of  progressive  erosion  are  surprisingly 
inconspicuous.  The  presence  of  chipped  flints  on  these  banks,  and  of  a 
so-called  *fort'  or  crannog-mound  m  the  bottom  opposite  Ballachrink 
(Sheet  2\  indicate  a  pre-Neolithic  age  for  the  excavation  of  the 
valley.    K»  previously  explained  (p.  373),  the  glen  probably  began  in  Late- 

flacial  times  as  a  channel  for  water  flowing  southward  from  the  melting  ice, 
ut  afterwards  acted  as  the  principal  northward  outlet  of  Lake  Andreas ; 

*oee  Moore's  "History  of  the  Isle  of  Man  "  vol.  ii.,  p.  921. 
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under  the  latter  condition  it  would  be  likely  to  carry  floods  filling  the  valley 
from  side  to  side  at  certain  seasons,  and  at  other  seasons  to  be  almcwt  dry. 
The  absence  of  slaty  debris  shows  that  the  streams  flowing  northward  from 
the  mountains  into  the  lake  left  their  load  of  detritus  in  the  ba^n  before 
passing  out  through  the  Lhen. 

The  Andreas  Platfonn. 

The  ground  between  the  Lhen  valley  and  the  £.  coast  constitutez^  an 
uneven  platform  falling  away  southward  from  an  altitude  of  100  feet  above 
0.1).  near  the  Bride  Hills  to  about  30  feet  along  the  Curragh  margin.  A 
terraced  arrangement  is  exhibited  to  a  slight  extent  near  the  K  coast,  bat 
is  scarcel^r  recognisable  over  the  greater  iiart  of  this  tract ;  and  as  there  is 
much  variability  and  indefiniteness  in  tne  character  of  the  drift  at  the 
surface,  the  rendering  of  the  area  on  the  geological  map  is  neosssarily 
patchy,  and  somewhat  confused. 

In  the  west,  along  the  eastern  mar^n  of  the  Lhen,  there  seem  to  be 
traces  of  the  prolongation  of  the  Jurby  gravel -platform  between  Balla- 
megagh  and  Qylcaugh  ;  but  the  gravel  rapidly  fades  out  eastward  into 
rather  uneven  clayey  ground.  In  the  N.K  a  broad  flat  gravel-delta  spreadi 
out  around  the  mouths  of  the  dry  valleys  of  the  Bride  mils  (p.  367,  Fig.  97), 
extending  from  Braust  to  Ballavair,  but  becomes  attenuated  and  disappears 
southward.  A  fringe  of  similar  or  more  sandy  material,  probably  the  edgt 
of  a  delta  which  has  been  swept  away  by  marine  encroachment,  occurs 
along  the  K.  coast  S.  of  Ballavair.  Over  the  rest  of  the  anta  these  super- 
ficial gravels  have  either  not  been  deposited  in  sufficient  quantity  to  cover 
up  the  irregularity  of  the  underlying  surface  of  clayey  drift,  or  have  been 
carried  oft  by  later  denudation.  Hence  we  find  a  larger  proportion  of 
clay-land  in  Andreas  than  in  the  other  northern  parishes. 

DREAS.  Iri  the  parts  where  clay  lies  near  the  surface  there  are  several  small  tracts 

lying  a  little  l)elow  the  general  level  which  appear  to  have  been  liable  to  occa- 
sional or  seasonal  floods  until  artificial  drainage  was  instituted.  In  these 
shallow  basins,  the  clay,  though  found  at  a  foot  or  two  beneath  the  surface,  is 
usually  covered  thinly  by  dark  silty  sand  or  loam,  rarely  sufficiently  thick 
to  map  as  alluvium ;  as,  for  example,  in  the  de])ression  between  Andreas  and 
Lowdas.  Where,  however,  a  basin  of  this  kind  is  continued  into  a  definite 
strip  of  valley-alluvium,  as  in  the  instance  south  of  Ballaseyr ;  or  where  it 
still  contains  bog,  as  in  the  hollow  at  Seaview  ;  it  has  been  shown  on  the 
map.  These  little  basins  generally  give  rise  to  small  \i'inding  valleys,  which 
like  those  of  the  Jurby  iHatform  have  been  excavated  into  the  dnfts  down 
to  the  level  of  the  Lhen  or  up[>er  Curragh  terrace,  and  now  contain  only  a 
runnel  of  water  in  an  artificial  ditch.  The  four  princifial  of  these  channels 
have  l>een  shown  on  the  one-inch  map  by  slightly  exaggerating  their  strip 
of  alluvial  wash ;  of  which  two  drain  south-westward  to  the  Lhen,  and  two 
southward  to  the  eastern  Curragh.  An  antler  of  an  elk  was  found  in 
draining  one  of  these  depressions,  in  a  field  200  yards  west  of  Ballalheaney, 
in  a  bed  of  pejit  covered  with  sandy  wash  at  4  feet  from  the  surface. 

The  Curni^^'h  margin  is  not  so  well  defined  in  this  area  as  farther  west, 
the  (Irift-sloiHis  as  a  rule  disappearing  gradually  beneath  the  alluvium,  with 
only  faint  indiciitions  of  the  beach-like  lower  platform ;  while  spurs  and 
islands  of  sand  and  gravel  or  clay,  rising  slightly  above  the  Curragn,  denote 
original  ineciualitiea  of  the  glacial  deposits  which  have  not  been  completely 
buried  by  ix)st-glacial  accumulations. 

Old  marl-pits,  often  of  large  size,  are  very  numerous  in  the  tracts  of  claj: 
many  of  them  now  form  ponds,  but  some  in  which  sand  has  been  reached 
beneath  a  clay-bed  are  dry  and  still  iiartljr  show  a  section ;  they  are  usually 
sunk  in  a  deep-red  clay,  generally  containing  only  a  few  small  pebbles,  but 
now  and  again  a  largo  far-travelled  boulder.  These  pita  are  not  confined  to 
the  area  mapped  as  boulder-clay,  having  often  been  opened  where  the  clay 
has  been  covered  with  sand  and  gravel  of  mappable  thickness,  as  around 
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Ardonan  and  Regaby.    At  a  small  brickyard  at  Regaby  Beg  the  following 
section  was  exposed^  all  the  beds  being  very  irregular : — 

Feet. 

SoU     -        -        - 1 

Sand  and  gravel,  with  shell  fragments        -        -        -    0  to  3 

Red  loamy  clay  with  small  round  stones,  and  a  thin 
band  of  pebbly  clay  with  crumbs  of  shells  ;  in 
places  mixed  and  contorted  with  i)atches  of  sand 
and  gravel 6  to  8 

Sand  (in  bottom  of  pit) 0  to  2 

Another  brickyard  at  West  Craic,  700  yards  W.  of  St.  Jude's  Church,  had 
been  worked  in  a  similar  but  rather  more  stony  clay.  A  small  pit,  7  feet 
deep,  in  the  corner  of  a  field  200  yards  N. W.  of  BallalJeg,  on  the  east  side  of 
the  nigh-road  from  St.  Jude's  to  Andreas,  revealed  a  ccmfused  admixture  of 
pebbly  boulder-loam  with  sand,  silt  and  clayey  gravel  -in  fact,  such  material 
as  could  not  be  defined  either  as  boulder-clay  or  as  sand  ana  gravel,  being 
just  half-way  between  ;  the  pit  is  at  the  edge  of  a  mound  which  rises  above 
the  general  level  of  the  platform  and  api)ears  to  be  an  outlier  of  the  Bride 
Hills. 

In  the  vicinity  of  Ramsey  the  drifts  rise  more  sharply  out  of  the  alluvial  North 
flat^  and  the  ground  becomes  undulating,  ai)i>arently  indicating  original  Ramsrt. 
inequalities  of  accumulation  unnuniified  by  delta-gravels.    The  Sulby  River 
has  cut  a  steep  bluff  in  its  north  l>ank  between  Riversdale  and  Ramsey,  in 
which  the  following  section  is  exhibited  : — 

Feet. 
At  the  top  :  Sand  and  rounded  gravel       -        -    6 

Red  pebbly  clay 6    (or  more) 

Stratified  sand,  with  red  loamy  bands        -        -    30        „ 
Shell-fragments  abundant  on  the  talus. 

Mr.  Kendall  mentions  thatat  Riversdale  thesands  met  with  ina  well  yielded 
several  sixicimens  of  Xassa  set-ratUy  Broc.  (A^.  reticom.  Sow.)  (op.  cit.,  p.  410). 

The  Corragh  Basin. 

The  Curragh  Basin,  using  the  term  in  the  broader  sense  to  include 
the  lower  Late-glacial  flood-platfonns  as  well  as  the  alluvial  tractn,  is 
sharply  bounded  on  the  west  ny  the  western  horn  of  the  drift  hills,  which 
rise  to  150  feet  above  0.1).  between  Ballauch  and  tlie  cojist.  This  high 
ground  has  been  eroded  into  a  steep  sandy  bank,  which  runs  north  and 
south  for  If  miles  from  Brou^hjairg  near  Ballaugh  to  Ballakinnag.  In  Ballauoi 
several  places  along  the  summit  of  this  bank  neolithic  chip|>ed  flints  are 
abundant.  At  its  foot  is  spread  out  the  broad  delta  of  slaty  gravel  from 
Qlen  l)hcx>  (p.  448),  which  falls  from  a  level  of  1.30  feet  just  inside  the  CJlen 
to  50  feet  or  under  near  Ballakinnag,  where  it  is  merged  into  the  low  plat- 
form of  the  northern  margin  of  the  depression.  Through  this  delta  the 
present  stream  from  Glen  Dhoo  has  carvetl  a  little  valley,  extending  to  the 
coast  at  Ballakinnag  (p.  104),  which  contains  narrow  strips  of  alluvium  of 
some  antiquity.  In  the  east  l)ank  of  this  stream,  ncjir  Ballacorage,  200 
yards  »S.  of  St.  Mary's  Old  Church,  a  small  section  was  exiM)sed  in  1894. 
showing  2  feet  of  grey  marl  resting  on  G  inches  of  jKjat,  with  slaty  gravel 
and  sand  below.  Specimens  of  the  marl  and  peat  were  washed  and  sifted 
by  Mr.  J.  Bennie,  and  the  material  examined  by  Mr.  C.  Reid,  but  proved 
poor  in  results,  the  only  determinable  plant  being  Isoetes,  Peat  is  reported 
to  have  been  dug  beneath  6  feet  sand,  on  the  platform  near  the  farmstead 
of  Corvalley  300  yards  farther  south,  but  is  not  now  visible.  The  low  land 
to  the  west  of  the  stream,  south  of  Ballacooiley  (Sh.  4)  is  stiffi^h,  as  if  the 
gravel  were  mixed  with  clay  in  this  quarter. 
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The  larger  of  the  curioiis  hollows  in  the  gravel  delta  east  of  Ballau^, 
in  which  the  Irish  elk-remains  occur,  have  Been  described  in  a  previous 
chapter  (p.  375).  Smaller  hollows,  of  similar  character  except  that  they 
are  dry  and  sandy  in  the  bottom,  occur  aroimd  Ballacrotha  (Sh.  4X 
and  Stiueen  200  to  300  yards  east  of  those  described ;  and  the  extnanely 
irregular  and  deeply  indented  boundary  between  the  boggy  Curragh  and 
the  dry  ground  at  the  edge  of  the  gravel  platform  immediately  to  the 
eastward,  between  BcUlavollet/  and  BaJlaterson  Beg^  probably  mdicatei 
that  more  of  these  depressions  are  hidden  beneath  the  Gurragh  peat  It  ia 
not  unlikely  that  in  early  Post-glacial  times  the  flood-waters  from  Glen 
Dhoo  have  occasionally  taken  tms  course  into  the  old  lake.  Northward 
along  the  platform  the  slaty  debris  dwindles  in  size,  and  the  ground  becomes 
more  sanay  as  we  reach  the  outer  frin^  of  tlie  delta ;  and  north  of  Balla- 
corage,  where  shown  by  the  dotted  Ime  engi-aved  on  the  map,  the  slaty 
gravel  loses  its  identity.  Between  this  line  and  the  Killane  Hiver  the 
surface-geology  is  diflicult  to  render.  The  tract  appears  to  represent  that 
portion  of  the  bottom  of  the  Late-glacial  lake  upon  which  very  little  sedi- 
meut  was  deposited.  Judging  from  the  coast-section  (p.  423)  and  from  the 
sharp  truncation  of  the  Juroy  platform,  the  upper  part  of  the  glacial 
deposits  have  been  denuded  oif,  down  to  the  level  of  about  40  feet  above 
O.D.,  and  a  thin  irregular  covering  of  sandy  wash  spread  out  over  the 
denuded  surface.  On  the  map  the  tract  has  been  snown  by  the  same 
colour  as  the  Late-glacial  Flood-gravels,  since  no  practicable  alternative  sug- 
gested itself ;  but  this  must  only  be  taken  as  representing  the  age  of  the 
terrace,  and  not  the  character  of  the  deposits  upon  it :  the  soil  is  generally  a 
dampish  sandy  loam  with  few  stones.  There  are  large  old  cmy-pits  at 
Ballamona  Mooar  and  Ballamona  Beg  which  show  from  2  to  5  feet  of  dis- 
coloured sandy  wash  with  a  little  gravel  and  yellow  sand,  resting  on  thick 
warpy  clay  which  is  probably  that  of  the  middle  portion  of  the  drifts  in 
the  cliff-section ;  no  stones  were  seen  in  this  clay,  but  two  or  three  far- 
travelled  boulders  lying  on  the  floor  of  one  of  the  pits  had  probably  been 
dug  from  it.  Sevei-al  smaller  pits,  mostly  without  present  exposures  but 
ap[>arently  in  similar  deposits  to  the  above,  are  scattered  over  the  area 
farther  east,  between  Ballamona  and  Close  Taggart,  and  also  along  the 
northern  margin  of  the  Curragh  north  of  Killane  river,  between  Ballacak 
and  Sandygiite.  I  was  at  first  of  opinion  that  this  warpy  clay  might  repre- 
sent the  deposit  in  the  stiller  waters  of  the  lake  at  the  40  f<x)t  level;  out 
after  re-examining  the  coast-sections  between  Jurbv  and  Ballaugh,  I  con- 
cluded that  it  was  of  older  date,  and,  though  probably  of  fresh-water  origin, 
was  derived  direct  from  the  ice-sheet. 

This  sandy  flat  sinks  ^dually  and  irregularly  eastward  until  covered 
with  more  niodern  alluvium,  which  at  first  occurs  in  detached  jiatches 
occui)ying  little  basins,  or  in  broken  strips;  but  afterwards  expands  mto  the 
broad  level  sheet  of  the  Curragh.  The  different  divisions  oi  the  Curragh, 
with  their  respective  levels,  have  been  explained  in  the  general  chap^ 
(pp.  406-9).  The  south-western  basin  extends  up  to  the  foot  of  the  steep  bluff 
of  slate  known  as  Gob  y  Volley,  having  apparently  been  screened  by  this 
headland  from  the  mountain- detritus  which  has  been  swept  down  the  valleys 
and  usually  occupies  a  platform  between  the  hill-slopes  and  the  alluvium. 
The  middle  of  this  basin  is  still  a  peat-bog,  but  along  its  ill-defined  western 
boundary  a  thin  irregular  bed  of  blue  silty  mud  overlies  the  peat. 

The  embaynient  in  the  hills  at  the  mouth  of  Sulby  Glen  is  occupied  by  a 
broad  delta  of  slaty  gravel,  60  to  70  feet  above  O.  D.,  which  runs  up  to  the 
foot  of  a  steep  bank  eroded  into  slaty  till.  East  of  Cronk  Sumark  thib 
old  flood-gravel  forms  a  well  marked  terrace  10  to  20  feet  above  the  present 
alluvium  of  the  Sulby  ;  and  on  the  north  side  of  the  hill  overlies  yellow 
sand  belonging  to  the  JExtra-insular  drift,  which  is  dug  for  building  pur- 
poses. This  deltsL  furrowed  by  an  ancient  flood-channel  (p.  407),  stretches 
out  northward  in  long  low  spurs  into  the  Curragh,  with  level  tracts  of  blue 
alluvial  mud  lying  between  and  partly  overlapping  them.  There  is  a  tradi- 
tion in  the  neighbourhood  that  the  Sulbv  River  once  escaped  in  this  direc- 
tion to  the  Lhen  ;  but  the  story,  like  that  regarding  the  growth  of  Tic 
Ayre  beach  (p.  402),   has  probably  been  suggested  oy  the  shape  of  the 
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^ound  rather  than  by  ancestral  recollections  as  claimed,  as  this  condition 
IS  not  likely  to  have  obtained  during  historic  times.  The  above-mentioned 
spurs  occur  at  intervals  from  The  Rule  on  the  west  to  Closechyrrim 
on  the  east,  dying  down  gradually  to  the  Curragli-level  northward.  The 
main  road  leading  across  the  CJurragh  from  Sulby  Glen  Station  to  Sandy- 
gate  takes  advantage  of  one  of  these  gravelly  rises,  while  another,  |  mile 
farther  east,  is  traversed  by  the  road  from  Snlby  Bridge  KStation  to  St.  Judo's. 
The  alluvium  on  the  northern  margin  of  this  part  of  the  depression  is 
more  or  less  sandy  from  the  washing  in  of  the  drifts.  It  contains  in  many 
places  beds  of  peat  with  large  trees,  generally  covered  with  siindy  wash  or 
blue  marly  clay ;  but  the  only  sections  are  in  the  banks  of  shallow  drains, 
so  that  the  full  thickness  ancl  sequence  of  the  ix)st-glacial  dei)osits  cannot 
be  ascertained.  The  bog- wood  is  best  exposed  in  the  drain  to  the  east  of 
the  Sandygate  road,  S.E.  of  where  the  road  level  '  3C '  is  marked  on  the 
one-inch  map;  it  may  also  be  seen  in- the  same  drain  west  of  the 
road,  i  mile  farther  south. 

There  are  traces  of  sandy  terraces  at  the  northern  margin  of  the  Curragh 
between  Closeakewin  and  Cronkglass,  and  again  S.  and  S.E.  of  Ardonan, 
probably  representing  the  40  ft  terrace  of  the  country  farther  west ;  but 
thejr  are  too  indefinite  to  be  mapped  semrately,  and  have  therefore  not  been 
distinffuished  from  the  glacial  sand  and  gravel.  The  islands  of  dry  sandy 
ground  in  the  Curragh  E,  and  N.E.  of  Closechyrrim,  referred  to  in  the 

Srevious  chapter  (n.  409),  probably  constituted  the  islands  of  Lake 
[iresco^h  mentioned  in  the  old  "  Chronicon  Manniae."*  The  best  defined  Lezayre. 
of  these  is  that  on  which  the  farm  of  Closc-an-Allan  stands ;  it  is  about 
100  yards  long  by  100  to  200  yards  broad,  and  is  composed  of  yellow 
sand,  and  drift-gravely  apparently  resting  in  places  on  reel  clay,  and  over- 
lain around  the  margin  by  a  wash  of  peaty  sand.  Another  tract  of  similar 
composition,  but  lower  and  lass  definite,  lies  J  mile  to  the  southward, 
around  Ballamona  :  while  the  third  forms  a  low  narrow  strip  on  the  north 
side  of  the  Sulby  Kiver  west  of  Lezayre  Station.  The  last  two  seem  to  be 
portions  of  a  sandy  bank  which  may  once  have  run  continuously  under  the 
slate  bluffs  between  Sulby  Glen  and  Glen  Auldyn,  but  has  now  been  cut 
up  by  the  Sulby  River  and  i^artially  overspread  by  slaty  debris  from  the 
little  ravines  at  GUnduff^  Glentramman,  and  Glionne  Kuley  (Sh.  5).  The 
river-alluvium  is  bounded  by  a  sharp  blutf  of  this  drift  between  Sulby  Bridge 
and  Ellanbane,  in  which  yellow  sand  is  frequently  revealed  ;  and  the  siune 
is  again  the  case  at  Ballakillingan  ;  the  sand  is  obscurely  associated  with 
slaty  drift  where  it  approaches  the  solid  rock,  probably  in  the  same  manner 
as  in  the  coast-sections  at  Ramsey  and  Gob  ny  Creggan  Glassey  (Fiffs.  91, 
92  and  93) ;  thus,  10  ft.  of  slaty  till  is  visible  in  a  little  gully  near  Kerroo 
Mooar,  150  yards  west  of  BelUvue,  (Sh.  4). 

The  character  of  the  alluvium  in  the  Lezayre  Curragh  has  been  mollified 
by  the  nresence  of  this  sandy  border  on  all  sides,  its  sou  being  for  the  most 
part  a  n^htish  loam.  In  peaty  earth  thrown  out  from  a  trench  550  yards 
N.  of  Ellanbane  were  many  hazel  nuts,  some  gnawed  by  a  rodent,  together 
with  a  horse-chestnut  and  cherry-stones.  The  little  valleys  which  drain 
from  the  drift-platform  into  the  embayment  of  alluvium  north  of  Rivcrsdale 
have  already  been  noticed  (p.  436) ;  they  must  have  brought  down  nmch 
material  into  the  hollow,  and  can  scarcely  have  transj[jortcd  it  thence 
through  the  old  lake  into  the  sea,  so  that  this  part  of  the  basin  may 
originally  have  been  of  considerable  depth.  Milntow 

The  conditions  at  the  mouth  of  Glen  Auldyn  are  j)recisely  similar  to 
those  at  the  mouth  of  Sulby  Glen.  A  broad  flat  delta  of  slaty  gravel  and 
v/ash,  furrowed  by  old  channels,  is  spread  out  around  its  entrance,  and 
sends  processes  (snorter  than  those  of  the  Sulby)  into  the  alluvial  flat. 
When  traced  up  into  the  valley,  the  delta  contracts  into  a  terrace  lying  at 
the  foot  of  an  eroded  bluff  of  slaty  till.     This  terrace  at  first  ends  off 

*  See  Gumming,  "Isle  of  Man,"  p.  217,  where  an  account  is  given  of  "a 
notable  miracle  wrought  [in  1249]  by  the  intercession  of  St.  Mary  of 
Rushen  "  in  the  escape  of  a  prisoner  from  one  of  the  islands,  as  recorded  by 
the  old  monks. 
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against  the  alluvial  flat  of  the  stream  in  a  steep  bank,  which  firaduaBy 
loses  its  distinctness  as  the  bottom  of  the  vallev  rises,  and  ^nauj  disap- 
pears. To  the  east  of  the  delta  a  bank  of  the  Kstra-insular  drift  i»  again 
found  at  the  foot  of  the  slate-bluff,  between  Cros9ag$  and  Ci^wh/fane  ^0.51 
and  extends  thence  up  to  the  coast  It  consists  at  first  of  yellow  sand  with 
streaks  of  red  clay,  but  N.K  of  Claghbane  stony  red  clay  of  thensnal 
Extra-insular  tvpe  occupies  the  surface.  At  the  foot  of  the  bluff  this  drift 
is  overlain  by  slaty  rubble,  as  in  the  adjacent  cliff-section  (Fig.  91). 

The  alluvium  bordering  the  Sulby  River  between  its  confluence  with  the 
Qlcn  Auldyn  stream  and  iUmsey  is  so  little  above  present  hi^^-water  mark 
that  the  tract  can  scarcely  have  escaped  estuarine  conditions  during  the 
Raised  Beach  i>eriod ;  but  so  far  as  the  insufficient  exposures  in  the 
ditcher  show,  the  material  maintains  its  fluviatile  character  close  up  to 
the  town.  The  Harbour  and  its  vicinity  have  already  been  described  (p  430) 

CEHTRAL  DIVISIOV. 

(Sheets  6,  7,  8,  10,  II  and  14,  and  parts  of  4, 5,  9  and  13  of  6-inch  map) 

Western  Coast  Uttoeen  Gob  ny  Creggan  Gla^sey  and  Peel, — South  of  the 
point  where  the  slate  mak^  it«  appearance  in  the  cliff  (p.  121)  the  drifts 
are  Imnked  [irregularly  against  the  flanks  of  the  massif,  lying  thicker  or 
thinner  according  to  the  slope  of  the  surface  upon  which  they  rest,  in  some 
places  dwindling  to  a  mere  film,  and  in  others,  where  they  ml  bays  in  the 
ancient  coast  line,  forming  the  greater  part  of  the  cliff-section.  In  com- 
i)osition  the  deposits  show  the  same  irrc^ilar  intercalation  of  Insular  with 
Extra-insular  drift  as  already  described  at  Glen  Mooar  and  Gob  ny  Oee^ 
Glasse^,  the  one  material  or  the  other  predominating  according  to  the  Iwal 
conditions. 

For  half  a  mile  to  the  southward  of  the  Glion  Skellan  exposure  (Fig.  93, 
T).348)  the  cliffs  here  and  there  present  nearly  similar  sections;  but  at  Lady 
Port  the  slaty  till  and  rubble  increase,  in  the  old  valley  of  Glion  Cam,  at  the 
expense  of  the  red  drifts,  and  almost  monopolize  the  section. 

At  Cn.»b  y  Deigan  the  foreign  drift  regains  prominence,  consisting,  at  the 
base,  of  15  feet  of  partly  indurated  shelly  gravel ;  which  passes  up  into  slaty 
till  :  overlain  by  red  clay  containing  shells,  and  sand.  South  of  this  point, 
at  Jjhiannaq  (Sh.  6),  the  drift  increases  greatly  in  thickness,  having 
obtained  lodgment  in  the  broad  hollow  around  BallabooycL  throng  which 
the  ravine  of  Glion  Broigh  has  been  excavated  since  glacial  times.  Down 
this  hollow  a  great  amount  of  partly  re-arranged  grey  slaty  drift  has  been 
swept  from  the  hills ;  this  material  overlies  contorted  red  clay  and  sand, 
both  in  the  cliff-sections  and  in  the  steep  sides  of  the  glen.  The  railway* 
cutting  at  the  top  of  the  slipping  cliff  above  Lhiannag  also  shows  good 
exi)08ures  of  drift,  the  genersil  succession  being  the  same  as  at  Gli<m 
Shellan.  At  the  southern  end  of  Z^ia?t7ia«;r  the  cliff  reveals  the  following 
section  :  — 

Feet 
At  the  top  -.—Slaty  gravel  interbedded  with  and  passing' 

into 

Red  clay,  sand    and  gravel    with  shell 

fragments ^ 

on 
Blue  slaty  till  and  gravel  -        -        -        .     about    20 

on 
Slate. 

A  section  400  yards  inland,  in  the  S.  bank  of  Glion  Brotgh  40  yards  £.  ol 
the  highroad,  shows  : — 

Feet 

At  the  top  '—Grey  and  blue  slaty  clay,  partly  stratified  -  -  6 
Blue  slaty  gravelly  till  partly  stratified  -  -  10 
Contorted  red  clay  ana  sand,  with  a  few  shells  30+ 


about    70 
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The  surface  of  slate  beneath  the  drift  in  the  little  headland  north  of  the 
glen  exhibits  faint  indications  of  striation  running  W.  10*  S.— E.  10"  N. 
South  of  Ballabooye  the  slate  hills  begin  to  fall  back  from  the  coast  line,  Ballan- 
and  the  shelf  below  them  is  then  invaded  by  the  red  drift,  which  forms  a  e^^* 
moundv  surface  of  sand,  gravel  and  red  clay ;  while  in  the  cliflf-section  "TEAnd. 
these  deposits  are  seen  to  overlie  dark  slaty  till  in  which  there  are  a  few 
foreign  boulders.    At  Wills  Strand  the  Peel  Sandstones  set  in,  the  slate 
hills  gradually  receding  farther  from  the  coast,  and  the  red  drift  still  follow- 
ing them  inland  and  usurping  the  surface  at  the  exi)ense  of  the  slaty  drift. 
These  phenomena  mark  the  commencement  of  the  pressing  in  of  the  lower 
layers  of  the  ice-sheet  \i\x)ii  the  Peel  embayment  which  has  been  described 
in  a  previous  chapter  (p.  351). 

Opposite  White  Strand  the  grassy  sloping  cliflf  over  100  feet  high,  is 
wholly  composed  of  drift,  but  probably  in  part  slipped,  though  the  base  of 
the  glacial  deposits  at  one  point  apparently  descends  slightly  below  high-  White 
water  mark  as  if  occupying  an  obliterated  valley.  Many  large  erratic  Strand. 
blocks  lie  on  the  shore  here  between  tide-marks,  including  one  of  grey 
OaUoway  granite  measuring  8  feet  by  5  ft.  by  4  ft. ;  another,  apparently 
Shap'granite,  4  ft.  by  3  ft  by  1  foot ;  others  are  of  pebbly  grit,  Ausa  Craig, 
etc  At  Cain's  Strand  (Sheet  9),  where  sandstone  forms  the  lower  part  of 
the  cliff,  the  drift-section  is  clearer,  showing :  at  the  top,  sand  and  indurated 
gravel ;  resting  on  sand  and  coarse  gravel  with  irregular  curved  kame-like 
bedding :  and  brown  slaty  till  containing  shell  fragments,  at  the  base. 
Two  little  glens  open  out  upon  the  shore  at  this  place  within  100  yards  of 
each  other;  the  more  northerly  is  excavated  nearly  do^Ti  to  sea-level 
entirely  in  drift,  the  following  being  the  section  200  yards  from  the 
coast : — 

Feet. 

At  the  top :— Rolled  gravel  and  sand -    20 

Slaty  till  with  a  few  shell-crumbs  and  some  foreign 

stones 10 

Sand  and  gravel,  with  many  shell  fragments  -  20 
Clay?  concealed  by  talus. 
In  the  neighbouring  glen  the  red  sandstone  lies  at  a  com])arative]y  high 
level,  and  the  ravine  has  therefore  not  been  excavated  nearly  so  deeply  : 
another  instance  is  thus  afforded  of  sharp  irregularity  of  the  Pre-glacial 
surface  masked  by  the  glacial  deposits.  Among  the  boulders  in  the  more 
southerly  of  these  glens  is  one  of  coarse  granite  of  unrecognised  origin, 
measuring  6  ft  by  4  ft.  by  3  ft,  lying  in  the  valley- bottom  150  yards  from 
the  cliff. 

Where  the  coast  takes  a  more  westerly  trend,  S.  of  Cass  Strooan  (Sh.  9), 
the  drifts  thin  away  rapidly,  until  only  a  few  feet  of  sand  or  red  clay  is 
found  above  the  sandstone.  At  Lhoob  y  Recast  this  thickens  to  15  or  Peel. 
20  feet,  but  dwindles  to  a  mere  sprinkle  between  this  place  and  Creg  Malm 
where  the  sandstone  cliffs  end.  We  then  reach  the  Pre-glacial  depression  of 
Peel  Bay,  into  which  the  Extra-insular  drifts  are  banked  to  a  great  thickness, 
both  above  and  below  sea-level.  The  Raised  Beach  is  represented  in  this 
bay  by  a  narrow  terrace  extending  from  Creg  Malin  to  the  Harbour, 
behind  which  rises  the  steep  slope  of  the  old  cliff,  to  a  height  of  over 
100  feet  at  the  eastern  side  of  the  bay  but  sinking  gradually  westward. 
This  old  cliff  is  composed  entirely  of  drift,  perhaps  at  the  eastern  end 
banked  against  a  concealed  Preglacial  cliff  or  valley-bluff  of  sandstone. 
The  greater  part  of  its  slope  and  the  Raised  Beach  at  its  foot  are  covered 
by  the  town  of  Peel,  and  there  is  no  natural  section  ;  but  artificial  openings 
in  various  places  reveal  sand,  gravel  and  red  stony  bouldcr-clay,  all  of  the 
Extra-insular  type. 

The  foundations  for  the  sea-wall  built  in  front  of  the  Raised  Beach  were 
excavated  in  sand  and  shingle.  Clear  proof  that  the  red  drifts  underlie  the 
bay  was  obtained  from  the  works  in  connection  with  the  extension  of  the 
breakwater  which  runs  out  from  St  Patrick's  Isle.  The  foundations  of 
this  extension  were  in  purple  boulder-clay  containing  a  few  shell-fragments. 
In  1893  I  was  able  to  examine  the  material  from  some  borings  into  the  sea- 
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bottom  below  low-water  mark,  made  with  a  view  to  further  additions  to 
the  breakwater,  which  gave  the  following  results ; — 

Borings  beneath  the  Sea  in  Peel  Bay. 

(The  first  column  gives  the  engineer's  journal ;  the  second,  my  notes  on 

the  material  preserved.) 

No.  1  Boring. 

250  feet  from  end  of  old  breakwater,  or  50  feet  from  end  of  extension,  on 

the  S.  side. 

Feet 

Shingle      -         -         -        '    ^  \  RecenL 
Sand 2  /"e<»°^ 

Clay 4  J    Purple  boulder-clay. 

12^ 

No.  2  Boring. 

Same  distance  from  old  breakwater  as  No.  1,  but  on  the  N.  side. 

Feet. 

shiie  "-    ■    :    :  I  }^-^ 

Mixture  of  sand  and  clay         \ 

Sand  -----    1      Darkish  sand. 

Sand  and  clay   -        -        -    1 

Clay  ....    2     Purple  boulder-clay. 

Sand  -----    2     Clean  sharp  sand  (like  recent 

sand). 

12i 

No.  3  Boring. 
350  feet  from  end  of  old  breakwater  on  the  S.  side. 


Feet 

Sand 2 

Shingle      -        -        -        -    2  _ 

Clay  and  sand  -        -        -    3      Sandy  purple  boulder-clay. 
Fine  shingle      -  -    ^i  I  Sharp  sand  and  small  stones 

Sand  -----    2i/  (like  recent  beach). 


j-  Recent 


12 

No.  4  Boring. 

Same  position  as  No.  3  (on  N.  side  ?). 

Feet 

Sand-        -        -        -        -    2  Recent 

Sand  and  clay   -  -    8  Purple  clay  mixed  with  sand. 

Sand-       -  -    2i  Sharp  sand. 

12i 
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No.  5  Boring. 
400  feet  from  end  of  old  breakwater,  on  the  S.  side. 

Feet. 

Sand       -        .        -        -    4  Recent 

iSand  and  clay        -        -    6  Purple  clay  mixed  with  sand. 

Sand       -        -        -        -    2  Dart  clayey  sand. 

12 

On  St.  Patrick's  Isle  only  a  trace  of  drift  is  found  outside  the  castle  walls,  Pkkl 
but  inside  there  is  a  little  patch  of  ^velly  and  red  clayey  material  Casti^ 
which  has  been  much  disturbed  for  makm§  earthworks  (see  Fig.  39,  p.  147). 
An  ancient  well  at  the  edge  of  this  patch  is  commonly  reputed  to  yield  an 
inexhaustible  supply  of  excellent  water,  but  1  found  on  close  inquiry 
that  as  mi^t  be  expected^  its  cajjacity  is  very  modest ;  and  as  the  place  is 
frequented  oy  crowds  of  visitors  in  the  summer,  the  quality  of  the  supply 
may  also  reasonably  be  doubted.  It  is  worth  noting  in  regard  to  the 
antiquities  of  the  Castle  that  all  the  smaller  and  several  of  tlie  larger  of 
the  stone  cannon-shot  which  are  preserved  in  the  little  Museum  and  are 
described  as  having  been  fired  into  the  enclosure  by  invading  Scots,  are 
made  of  Foxdcde  granite,  carefully  dressed  into  Hhai)e.  Of  the  remainder, 
one  or  two  are  of  a  granite  like  the  Galloway  granite  lx>ulders  :  but  there 
are  several  stones,  more  rudely  shaped,  of  a  pale  softish  rock,  which  do  not 
seem  to  be  of  Insidar  ori^n.  There  are  traces  of  a  glaciated  surface  on 
the  slate-rocks  just  outside  the  castle  wall  east  of  the  prison  (see  List, 
p.  477). 

The  description  of  the  coast-section  south  of  Peel  is  resumed  on  p.  460. 
Eastern  Coast  between  Bamsey  and  Douglas. 

East  of  the  section  shown  in  Fig.  91,  p.  346,  the  slate  slope  is  too  steep  for 
much  drift  to  lodge ;  and  as  the  upper  part  of  the  cliflf  is  grassy,  there  are 
few  exi)08ures  in  the  little  that  does  occur,  which  apjxiars  \a)  consist  of  slaty 
rubble  with  interbedded  streaks  of  red  clay.  The  slipping  of  masses  of  this 
material  down  the  dip-slopes  of  slate  produces  striations  on  the  rock-face  at 
the  summit  of  the  elm.  which  resemole  those  due  to  glacial  agency  and 
have  been  assigned  to  tnat  cause  (j).  369,  footnote).  Although  a  Pre-glacial 
cliff  no  doubt  existed  in  this  locality  such  striations  inay  be  found  on  rock- 
faces  which  cannot  have  been  in  existence  in  Glacial  times.  They  occur 
here  and  there  all  along  the  east  coast  wherever  the  conditions  are 
favourable  for  their  production.  That  they  should  resemble  glacial 
markings  is  to  be  expected,  since  both  are  alike  due  to  the  sliding  of  steny 
rubble  under  pressure  in  a  definite  direction  over  the  rock-surfaces,  the 
difference  being  that  in  the  one  case  the  slope  is  essential  and  always 
determines  the  direction  of  the  striae,  while  in  tne  other  it  is  non-essential 
and  the  stria?  only  accidentallv  coinciae  with  it. 

The  presence  of  red  boulder-clay  on  the  foreshore  outside  the  narrow 
rock-shelf  between  Ballure  and  Lewai^e  has  previously  been  mentioned  Port 
(p.  347).  In  Port  Lewaigue  (Sh.  6)  this  rises  along  the  cliff  into  a  pre-  Lbwatgub. 
glacial  hollow  and  is  exposed  in  the  disused  brickyard  on  Tableland  Point 
(Gob  ny  Rona  of  revisea  Ordnance  map)  in  a  section  exhibiting  up  to  15 
feet  of  red  stony  clay  with  streaks  of  steneless  clay  and  of  sand  and  gravel. 
Mr.  Kendall,  who  figures  this  section  (in  Fig.  9  of  his  plate),  notes  the 
occurrence  of  a  few  snell-Tragments  in  the  lower  part,  and  states  the  order 
of  prevalence  of  the  stones  to  be  as  follows:—"  Red  Sandstone,  Granite  (all 
Scottish),  Silurian  Grit  (probably  from  Wigtonshire),  Clay  Slate,  Vein 
Quartz,  Flint."  (Op.  cit.  p.  416.)  Similar  material  lines  the  cliff-top  up  to 
Port  e  Myllin  {MwMin  of  6  inch  map),  and  probably  also  again  underlies  * 

the  lower  part  of  the  foreshore  there.   Having  once  obtained  entry  at  this 
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low  point,  the  red  clay  runs  south-eastward  up  the  depression  betwedn 
OLD,  Maiighold  Head  and  Slieau  Lewaigue  (p.  347),  occupying  the  whole  breadUi 
of  the  valley,  but  fading  off  into  slaty  arift  on  the  western  sloi)e8,  along  the 
dotted  line  drawn  on  the  map.  On  the  eastern  slope  it  is  covered  By  or 
passes  into  a  moundy  sloping  bench  of  gravelly  drift,  consisting  of  slate- 
fragnients  with  a  fair  sprinkling  of  foreign  pebbles.  In  the  valley-bottom 
(in  which  are  a  few  old  clay-pits)  the  present  drainage,  artificially  assisted, 
goes  in  i)art  north-west  to  Port  e  Myllin,  and  in  part  south-east  to  Port 
Alooar ;  and  in  two  places  level  i>atches  of  peaty  alluvial  wash  indicate  old 
fiood-biisins.  The  incurving  coast-line  south  of  Maughold  Head  intercepts 
the  valley  again  at  Port  Mooar  ;  and  in  the  cliffs  around  this  place  and  in 
patches  on  the  foreshore  the  red  stony  clay,  with  interbedded  sand  and 
stratified  stoneless  clay,  is  here  and  there  well  exposed. 

On  the  outer  or  northern  side  of  the  headland  the  slope  is  too  steep  to 
retain  more  than  a  little  rearranged  slatv  rubble  mixed  with  forei^  stones. 
Glacial  striae  occur  at  two  or  three  places  on  the  crest  of  Uie  ridj^  and 
afford  remarkable  proof  of  the  swerving  of  the  ice-flow  in  rounding  this 
corner  of  the  Island  (see  List,  p.  476).  Numerous  large  erratics  are 
sc  ittered  u}>on  the  headland  ana  its  shores,  regarding  which  Mr.  Kendall 
notices  the  remarkable  abundance  of  slaty  (juartzose  grit,  which  he 
identifies  with  the  Queensberry  Grit  of  Wigtonshire  (op.  cit.  p.  415).  These 
boulders  have  been  studied  and  catalogued  by  Rev.  S.  N.  Harrison  of 
Ramsey,  who  discovered,  among  other  rare  and  interesting  rocks,  a  rounded 
block  of  Arran  Pitchstone  (identified  by  Professor  Zirkel),  4  feet  in  diameter, 
on  the  shore  at  Port  e  Myllin,  and  one  of  gneiss  at  fiallure.*  A  broken 
boulder  in  the  east  corner  of  a  field  400  yards  E.N.K  of  Ballaterson  East 
ai)pears  to  be  of  Borrowdale  lava,  and  Mr.  Kendall  records  another  Lake 
District  rock,  viz.,  Buttermere  Granophyre,  at  Ballure.'  As  usual,  however, 
the  majority  of  the  erratics  are  of  Galloway  granite. 

A  narrow  strip  of  Raise<l  Beach  lines  both  sides  of  Port  Mooar ;  and  abroad 
rock-platform,  slightly  above  h'gh-water  mark,  indicates  the  old  shore 
where  the  beach  stuff  is  absent.  As  we  pass  southward  from  this  inlet  the 
solid  rock  rises  in  the  cliff,  and  the  red  clavey  drift  becomes  thinner  and  in 
places  disapiHjars.  On  the  south  side  of  Gob  ny  Garvain,  where  a  Utile 
r  gravelly  and  red  clayey"  drift  rests  in  a  slight  hollow  in  the  rock,  the 

u  surface  of  the  fiags  shows  glaciil  striie  in  two  directions,  the  older, 
•  N.  10^  W.— S.  10^  E.,  and  the  newer,  E.  10'  N.  —  W.  10"  S. ;  this  is  the 
more  noteworthy  as  striated  surfaces  are  of  rare  occurrence  directly  beneath 
the  red  drift.  From  this  point  to  Port  Cornah  (Sh.  8)  the  drifts  where 
present  at  all,  is  confined  to  mere  traces  of  red  clay  mixed  with  local  rubble 
and  foreign  i)ebbles,  too  impersist^nt  to  map.  At  the  last-mentioned  phice 
a  valley-terrace  of  gravelly  drift,  probably  deposited  by  late-glacial  floods, 
reaches  the  coast  on  the  west'jni  side  of  the  deep  fflen  :  and  half  a  mile 
inland  there  are  some  fine  sections  in  boulder  clay  in  tne  glen  (p.  450).  For 
VM  the  next  l4  mile  southward  there  i-j  no  drift  in  the  vicinitjr  of  the  coast 
We  then  reach  Bulgham  Bay.  where  the  profile  of  the  cliff"  is  unusual,  an 
undercliff  of  slate,  liO  to  oO  feet  hiijrh,  forming  the  sea  margin,  with  a  peat 
precipice  rising  to  over  GOO  feet  behind  it,  the  two  being  separated  by  a 
gently  sloping  cirque-like  platform  which  tapers  out  crescent- wise  northward 
and  southward.  On  this  interspace  some  clayey  slaty  rubble  containing 
a  few  blocks  of  Dhoon  granite  and  a  sprinkling  of  foreign  pebbles  has 
lodged  ;  this  resembles  drift,  and  if  really  in  place  and  not  simply  material 
dislodged  from  the  cliffs,  it  would  indicate  that  the  inner  cliff  is  pre-glaciaL 
The  i)latforni  is  not  easy  of  access,  and  is  so  cumbered  with  fallen  Dlocks 
and  overgrown  with  tall  bracken  in  the  summer  that  its  exploration  is  diffi- 
cult ;  the  remains  of  a  carefully  constructed  ancient  pathway  may  be  traced 
in  the  uj)i)er  precipice.  South  of  Bulgham,  the  inaccessible  elms  are  composed 

^  "  Boulders  around  the  Maughold  Coast,'*  Yn  Lioar  Manninafh,  voL  L» 
pt.  8,  p.  208  ;  see  also  Mr.  Harrison's  "  Report  of  the  Geologicsd  Section,*' 
ibid.,  vol.  i.,  pt.  11,  p.  37.0;  and  Reports  of  Erratic  Blocks  Committee, 
British  Assoc.  Reps,  for  1891,  p.  297—9  ;  1892,  p.  886—9 ;  1893,  p.  521. 

'^   Op  cit.,  p.415. 
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wholly  of  slate,  until  we  round  Laxey  Head,  where  the  coastline  is  broken  by 
the  preglacial  valley  of  the  Laxey  River,  which  is  lined  on  both  sides  by  banks  ^Aj^gy  j 
of  arift  (p.  461).  A  triangular  strip  of  Raised  Beach  is  preserved  at  the 
mouth  01  this  glen.  From  the  abrupt  cessation  of  the  solid  rocks  on  the 
foreshore,  it  is  probable  that  the  preglacial  vallev  is  excavated  below  sea- 
level,  and  that  its  drift-filled  channel  underlies  the  beach,  but  no  exposure 
was  visible  on  the  shore  during  my  examination  of  the  area.  This  matter 
may  be  of  practical  consequence  if  new  harbour- works  be  constructed  at 
JjBLney.  It  IS  also  not  unlikely  that  drift  may  exist  beneath  the  beach  ex- 
posed outside  the  rocky  shelf  at  low  spring  tides  for  some  distance  south 
of  Laxe3r.  the  conditions  bearing  much  resemblance  to  those  between  Ram- 
sey and  Lewaigue. 

Between  Laxey  and  Garwick  the  slate  cliffs  frequently  have  a  capping  of 
rubbly  drift,  but  being  dip-slopes,  rarely  show  sections  at  the  top.  The 
cuttings  of  the  electric  tram-line  to  Douglas,  which  hu^  the  coast,  have 
however  made  good  this  deficiency.  At  Bailvbeg  the  cuttmg  which  crosses 
an  old  burial  ground  with  stone  cists  reveals  6  feet  of  slatv  gravel-drift, 
becoming  rather  clayey  in  places  towards  the  top.  South  of  this  locality 
the  excavations  show  a  more  clayey  material  of  variable  thickness,  contain- 
ing a  few  blocks  of  Dhoon  Granite. 

In  Garwick  the  drift  is  again  deeply  banked  in  a  preglacial  hollow,  which 
has  been  partly  re-excavated  to  form  Glen  Gawne  ^Sn.  11).  There  is  a  good 
section  at  the  mouth  of  this  glen  in  a  cut-road  aescending  the  cliff  on  the 
northern  side,  showing  20  feet  of  grey  till  in  which  the  majority  of  the 
stones  are  slate,  but  with  a  few  foreigners.  In  the  stream-bed  a  curious 
unidentified  boulder  of  richly  micaceous  gametiferous  pegmatite  was  found 
by  one  of  the  cottagers  at  Ballig,  from  whom  we  obtained  specimens,  q^ay  Hi 
Between  Gob  ny  Stowell  and  Branaan  Pointy  J  of  a  mile  south-east  of  the 
glen,  an  irregular  strip  of  red  pebbly  clay  200  or  300  yards  in  length,  con* 
tainmgafew  foreign  pebbles,  is  lodged  in  an  unusual  position  upon  the 
steep  slope  just  above  the  actual  cliff.  This  has  furnished  the  Laxey 
miners  with  material  in  which  to  stick  their  candles,  and  appears  to  have 
given  rise  to  the  name  of  the  headland,  which  is  not  very  appropriate  con- 
sidering the  small  extent  of  the  patch  and  the  bold  rocky  character  of  the 
whole  promontory.  Glacial  striae  at  three  places  on  the  headland  in  the 
vicinity  of  the  cliff,  along  with  other  examples  farther  north  and  farther 
south,  indicate  a  general  ice-movement  parallel  to  the  coast  (see  List  of 
Stri»,  p.  477). 

On  the  southern  side  of  Clay  Head  there  is  little  or  no  drift  until  we 
reach  the  depression  at  Port  Qroudle  (Sh.  14),  where  on  the  north  side  of 
the  inlet  a  little  platform  of  rubbly  local  drift,  containing  a  few  red  sand- 
atones  and  other  foreign  pebbles,  with  a  depth  varying  from  8  to  20  feet,  is 
exposed  in  the  cliff  section. 

On  Banks  Howe  (Sh.  14),  as  is  so  often  the  case  throughout  the  Island,  hovi^ 
the  steep  northern  side  of  the  hill  is  practically  free  from  drift,  and  is 
scored  in  many  places  bv  glacial  striaB,  sometimes  in  more  than  one  direc- 
tion (see  List),  wnile  the  less  steep  southern  side  iwssesses  an  irregular  cap- 
ping of  till  and  glacial  rubble,  as  may  be  seen  in  the  cliffs  to  the  east  of 
Onchan  Harbour.  Fragments  of  the  Groudle  mica-diorite  (p.  152)  occur  in 
this  drift  Similar  drift  is  exi)osed  in  the  tram-line  cuttings  between  On- 
chan  Harbour  and  Port  Jack^  and  at  the  cliff- top  west  of  Port  Jack,  All 
along  the  east  coast  the  foreshore  is  sprinkled  here  and  thero  with  extra- 
insular  boulders ;  a  notable  example  occurs  on  the  western  side  of  Port  Jack, 
where  one  of  the  blocks  is  a  rounded  mass  of  grey  (Gallow^ay  ?)  granite  6  feet 
in  diameter.    At  the  same  place  are  smaller  blocks  of  Dhoon  Granite. 

As  we  enter  Douglas  Bay  (Sh.  13^  the  drifts  thicken,  but  are  for  the  most  ^y 
part  concealed  by  buildings.  At  iJerby  Castle  a  strip  of  Raii^ed  Beach  is 
preserved  at  the  foot  of  the  slate  cliff  and  continues  tnence  around  the  bold 
crescent  of  the  Bay  up  to  the  Harbour.  It  is  protected  throughout  by  a 
sea-wall,  and  in  the  middle  of  the  bay  has  a  little  blown  sand  upon  it. 
This  low  terrace  with  its  open  front,  backed  by  large  houses  and  the  steep 
bluffs  of  the  old  cliff  behind,  combine  to  give  that  imposing  aspect  whicn 
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characterizes  Douglas  as  viewed  from  the  sea.  At  Strathallan  Park  the  top  o! 
the  cliff  shows  a  gravelly  nibble  of  slate  with  a  few  foreign  pebblea, 
becoming  more  clayey  towards  the  surface.  This  is  broken  bv  Gkn 
Ct-Vrtchen/y  but  is  continued  again  on  the  south  side,  and  near  Athol  Haim 
begins  to  show  streaks  of  red  clay.  At  Falcon  Cliffy  as  the  drifts  thicken 
the  presence  of  the  Extra-insidar  material  becomes  more  marked,  beds  cl 
stratified  sand,  gravel  and  war]>  associated  with  tenacious  red  day  makini 
their  appearance.  South  of  the  last-mentioned  place  the  pr^lacial  cliff  o 
8lat<^  recedes  inland,  and  the  glacial  deposits  which  are  banked  against  it 
occu])y  the  whole  of  the  high  bluff  south  of  the  ravine  behind  CatUt  Mom 
Uotfl.  At  the  mouth  of  this  ravine  there  are  sand  pits  showing  10  to  li  feei 
of  fine  stratified  sand,  with  bands  of  loam  and  len tides  of  gravel ;  and 
near  the  base,  a  bed  of  stitl'  red  and  purple  clay  with  a  few  stones ;  bek)v 
which  is  clayey  gravel  ;  the  whole  mass  resting  against,  and  perhaps  partly 
slipped  u^)on,  a  steep  rock-slope.  This  section,  like  those  in  sunikr 
positions  m  localities  previously  described  (Figs.  91,  92,  and  93X  repre- 
sents the  wedging  out  ot  the  Extra-insular  drift  against  the  higher  gnrand 
occupied  by  the  slaty  drift.  There  seems  to  have  been  a  pre-ghusial  valley 
in  ihis  vicinity,  DerhajM  a  former  outlet  of  the  River  Glass,  into  which  the 
lower  layers  of  tne  ice-sheet  have  entered.  A  gap  a  little  over  100  yards 
wide  in  the  rock-reefs  at  low  water  on  the  shore  nearly  opposite,  which  b 
indicated  in  the  ornamentation  of  the  ordnance  map,  probably  represents 
the  prolongation  of  this  channel  below  sea-level.  Some  patches  of  indurated 
slaty  gravel  resting  on  a  surface  of  decomposed  slate  were  exposed  in  1886 
on  the  beach  to  the  westward  of  this  gap  ;  but  recent  beach-stuff  hid  the 
part  of  the  shore  which  is  most  likely  to  be  underlain  by  drift  alone. 

South  of  the  section  above  described  the  slope  of  the  old  cliff  becomes 
less  steep  and  more  encumbered  with  buildings,  and  there  are  no  more  open 
exi>osures.  The  character  of  the  drifts  in  the  \xy\tet  part  of  the  town  ra, 
however,  revealed  m  drainage  and  other  works  carried  on  during  our  survey; 
and  the  evidence  thus  obtained  supplements  that  of  the  cliffs. 

There  is  a  small  section  in  brown  weathered  rather  gravelly  boulder-cUj 
in  a  cutting  on  the  Peel  Road  at  the  south-western  outskirts  of  the  town, 
half  a  mile  from  the  shore  ;  and  similar  material  appears  to  occupy  the 
surface  over  the  whole  of  the  rounded  hill  between  the  valley  of  the  OUas 
south  of  Cronkbourno  (p.  456),  and  Douglas  Bay.  The  majority  of  the 
stones  in  this  clay  are  of  slate,  but  with  a  fair  sprinklinj^  of  foreigneR. 
Boulder-clav  of  this  kind  was  exposed  in  Bucks  Road  and  its  prolongation 
up  to  Woodside  Terrace,  and  also  in  Upjper  Derby  Road,  and  in  seTeral 
places  farther  west.  In  the  slight  depression  farther  north,  which  perhaps 
marks  the  filled-in  preglacial  valley  previously  mentioned,  the  drift 
becomes  more  sandy,  and  on  both  sides  of  Ballacmale  Road  sand  is  the 
prevalent  constituent  and  has  been  dug  in  several  places.  It  appears  to  be 
contiruous  with  that  seen  in  the  cliff  near  Castle  Mona.  It  was  well 
exi)osed  in  the  tramway  excavations  and  in  the  foundations  fwr  the  tramway 
engine-house.  In  a  sand-pit  opposite  Ballaqualo  Cottage  the  section 
showed  3  to  5  ft.  of  stony  loam  (perhaps  partly  washX  on  12  feet  or  more  of 
sand  with  contorted  warpy  streaks ;  gravel  was  said  to  occur  below  the 
sand.  On  the  rising  ground  north  of  the  sandy  hollow  the  drift  gradually 
resumes  its  previous  stony-clay  character. 

In  the  lower  part  of  the  town  bordering  the  harbour  the  Raised  Beach 
fades  off  indefinitely  in  the  alluvial  river-flat  At  the  brewervon  the  north 
side  of  the  harbour,  40  yards  east  of  the  Douglas  Bridge  road,  I  was  informed 
that  a  pipe- well  starting  at  about  17  feet  above  O.D.  passed  through  14  feet 
of  made  gro\ind  and  loose  shingle,  and  26  feet  of  compact  clay,  to  slatr 
rubble  yielding  fresh  water  of  good  quality.  Another  well,  9  yards  north 
of  the  last,  reached  the  water-bearing  stratum  at  30  feet,  the  compact  clay 
being  only  16  feet  thick.  Nuts  are  said  to  have  come  up  the  pipe  from  the 
lx)ttom  of  the  well ;  but  as  the  *'  compact  clay  ^  is  likely  to  be  boulder-clay 
and  not  alluvimn,  the  evidence  seems  scarcely  sufficient  to  establish  tlie 
presence  of  vegetable  remains  at  this  depth. 
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Interior  of  the  Central  Division. 

At  the  north-west  comer   of    this  area,  between  Ballaugh  and  Kirk 
Michael  (Sheets  4  and  7)  we  find  the  sandy  arift-mounds  sweeping  up  to  the 
foot  of  the  solid  hills,  and  south  of  Bishopscourt  mounting  a  little  way  on 
their  slopes.    The  basins  among  these  mounds  bordering  the  massif  appear      o„^pa. 
to  have  held  temporarv  lakelets,  of  similar  character  to  the  Curragli  Lake,  court 
but  of  much  snuuler  dimensions.    The.  largest  of  these  minor  basins  lies      ^     * 
between  Orrisdaleand  Bishopscourt;  it  has  been  distin^ished  on  the  map 
l>y  the  *  Late-glacial  Flood-gravel '  colour  and  sign,  but  its  level  floor  is  for 
the  most  part  composed  of  sandy  or  silty  wash,  with  a  little  patch  of  newer 
IHjatv  aUuvium  at  the  southern  end.    It  probably  persisted  as  a  lake  in 
dood-times  until  drained  by  the  excavation  of  Glen  Ti^nk  (p.  425).    A 
Buiall  pond  still  existing  on  the  north  side  of  the  highroad  half  a  mile  N.£. 
of  Bishopscourt  appears  to  occupy  a  natural  depression.    South  of  Bishoi)s- 
court  the  railway  passes  through  the  mounds  in  a  deep  cutting,  which  is. 
however,  now  obscured  :  it  has  consisted  mainly  if  not  wholly  of  sand  and 
gravel  containing  shell-fragments.    To  the  east  of  this  place  the  slate  hills 
have  a  more  gradual  descent  than  usual  *  and  here,  east  of  Whitehouse,  the 
gravel  mounds,  composed  chiefly  of  slaty  detritus,  are  found  up  to  an 
elevation  of  400  to  500  feet,  resting  in  part  on  the  solid  rock  and  in  part  on  Kirk 
clayey  rubble-drift.    They  extend  sonthward  in  a  broken  chain  at  about  Michael 
the  same  level  up  to  Glen  W^Uin.    Cronk  Urleigh,  on  the  east  side  of  this  district. 
glen,  is  one  of  the  most  prominent  of  these  mounds,  while  on  the  opposite 
side  thev  line  the  crest  of  the  valley  and  rise  up  on  ooth  margins  of  the  dry 
rock-gully  near  Ballalheigh,  as  shown  in  the  ground  plan  Fig.  102,  p.  365. 
The  railway  intersects  these  mounds  again  near  East  Berks,  in  a  cutting 
showing  30  to  50  feet  of  sand  and  gravel,  possibly  resting  on  slaty  till  almost 
concealed  by  talus.    Thej^  also  extend  inland  along  the  upper  slopes  of  Qlen 
Mooar  for  more  than  a  mile,  entering  well  within  the  slate  nills  ;  as  may  be 
seen  on  both  sides  of  the  valley  around  Chester,  where  small  pits  and  road- 
cuttings  reveal  sand  and  fine  slaty  gravel  containing  manv  foreign  pebbles 
(porphvry,  flint,  etc),  with  some  streaks  of  warp  and  red  clay.    In  the  lower 
IMtrt  of  Glen  Mooar,  just  below  the  waterfall  known  as  Sjxxyyt  Vane  (Sh.  7), 
and  extending  thence  for  250  yards  on  the  east  bank  of  the  stream,  there  is 
a  grand  cliflf  of  slaty  till,  40  to  GO  feet  high,  containing,  like  that  at  the  mouth 
of  the  Glen  (p.  428),  a  few  foreign  pebbles  and  shell-crumbs.     Similar  walls 
of  local  till  are  found  in  Glen  Wyllin  west  of  Cronk  Urleigh,  where  the 
stream  has  cut  a  deep  inner  ravine  in  the  glacial  infilling  of  its  old  valley, 
the  remnants  of  high-level  fluviatile  terraces  here  and  tnere  recording  the 
progress  of  its^  re-excavation.    Three  large  boulders  of  Galloway  granite  and 
one  of  coarse  grit  were  noticed  in  this  ravine.    As  previously  mentioned,  the 
*  Fullers  Earth '  which  has  been  dug  in  this  glen  at  a  place  to  the  southward 
of  Erinville,  marked  Summer  llo.  on  the  six-inch  map  (Sh.  7),  forms  part  of 
this  drift.    In  the  upper  part  of  the  glen,  near  Camniall,  the  till  is  overlain 
by  a  gently  sloping  sheet  of  slaty  ^vel,  which  was  probably  formed  at  the 
same  time  as  the  great  terrace  of  similar  material  at  the  mouth  of  the  glen 
around  Kirkmichael  (p.  374),  and  dates  back  to  the  closing  stages  of  the  ice- 
invasion.    There  are  good  exposures  of  drift  of  strictly  local  derivation  at 
several  places  in  Glion  Kiark,  between  Sartfell  and  Slieau  Freoaghane,  up 
to  its  head  at  over  1,000  feet  above  sea-level ;  and  again  in  the  north  branch 
of  the  other  feeder  of  Glen  Wyllin.  east  of  Ballalioimey.    The  mountain- 
ridge  itself  is  peculiarly  free  from  drift  right  up  to  its  northern  extremity 
in  Slieau  Curn  ;  nor,  so  far  as  could  be  discovered,  does  it  possess  any  straited 
surfaces.    This  condition  is  probably  due  to  the  floods  which  have  swept 
across  the  comer  of  the  Island  during  the  melting  of  the  ice-sheet,  as  shown 
by  the  dry  gullies  on  the  lower  slooes  describea  in  a  previous  chapter  (p. 
364,  Figs.  101, 102),  and  by  similar  inaications  which  may  be  traced  up  to  the 
very  summit  of  the  ridge.    Thus,  200  yards  N.  of  the  boundary  fence  between 
Slieau  Cum  and  Slieau  Freoaghane,  a  channel  (briefly  referred  to  on  p.  363) 
has  been  excavated  in  the  slate,  with  a  floor  10  to  20  yards  wide  and  walls 
20  to  40  feet  high,  starting  on  the  crest  at  an  elevation  of  1,058  feet  and 
descending  the  slope  for  a  short  distance  in  a  south  westerly  direction. 
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Where  Glen  Dhoo  opens  out  upon  the  gravel  platform  at  Rallangfa  it 

P         Dhoo  contains  on    both   sides   well-marked   terraces    conterminous  with  tbe 

'  platform  ;  and  these  rise  \nth  the  valley  from  an  altitude  of  120  feet  abort 

O.D.  at  the  mouth  to  about  200  feet  at  Ravensdaleu  a  nule  farther  soutL 

Above  this  place  the  valley-bottom  contracts  and  tne  terraces  can  scarcely 

be  separately  distinguished. 

The  occurrence  of  foreign  drift  in  this  glen  has  already  been  discasnd 
(p.  352)  ;  it  consists  mainly  of  yellow  sand,  with  some  gravel  and  red  day 
containing  foreign  pebbles.  Found  on  both  sides  of  the  valley  above  the 
gravel-flat,  it  is  best  developed  on  the  eastern  side,  where  it  extends  up  to 
the  mouth  of  Ravensdale.  Its  relation  to  the  local  drift  is  shown  in  ^ 
following  diagram  (Fig.  106). 

Fio.  106.  Diagi*am  of  the  Drifts  on  the  eastern  side  of 
Glen  DhoOj  north  of  Ravensdale.  Length  of  sectim 
about  600  yards. 


Stream 
:  4i 

4    Late-glacial  Flood-gravel. 

3    Slaty  rubble,  with  some  striated  fraj^ents  :  =  rearranged  drift 

2    Yellow  sand  streaked  with  gravel  with  foreign  pebbles,  and  with  red 

clay ;  mixed  towards  the  top  with  No.  3. 
1     Slaty  till, 
a    Manx  Slates. 

The  slaty  rubble  (3)  of  this  section  is  a  form  of  the  local  drift  which  is 
plentiful  among  the  hills  both  on  the  gentler  slopes  and  on  level  groapd. 
It  appears  to  represent  the  material  left  loose  on  the  surface  at  the  melting 
of  tne  ice  sheet,  and  has  no  doubt  since  been  in  part  redistributed  by 
subaerial  agencies.  When  swept  into  the  valleys,  it  probably  furnished  tho 
principal  portion  of  their  terraces  and  deltas.  It  is  generally,  as  in  the 
present  instance,  sharply  distinct  from  the  till  when  this  is  present,  bat 
often  merges  into  the  stratified  drifts. 

Towards  the  head  of  Glen  Dhoo,  the  drift  is  limited  to  a  narrow  strip 
entirely  of  local  origin  :  and  the  same  is  the  case  in  its  tributary,  Ravensdale 
{Glen  Shoggle  of  6-incn  map,  Sh.  7),  at  the  head  of  which  there  are  good 
exi)08ures  near  Nascoin.  In  a  high-lying  combe  near  the  head  of  the 
main  glen,  on  the  northern  side  of  Slieau  Dhoo,  there  is  a  small  cresoentic 
mouiia,  apimrently  of  coarse  local  rubble,  which  has  been  shown  on  the 
map  by  *  boulder-clay '  colour.  It  has  somewhat  the  aspect  of  a  valley- 
moraine,  but  the  hollow  seems  too  small  ever  to  have  held  a  moving  glacier. 
On  the  rock-sui-face  below  the  entrance  to  this  comb  3  some  doubtfully- 
placial  stria}  were  observed,  the  only  examples  found  in  this  part  of  the 
island  (see  List,  p.  476). 

The  liigh  moorland  ridge  between  Glen  Dhoo  and  Sulby  Qlen  is  for  the 
most  part  free  from  manpablo  drift,  though  loose  rubble  with  a  peaty 
covering  lies  rather  thicMy  upon  it  S.W.  of  KiUabr&^gah  (Sh.  7).  The 
short  deep  glen,  tributary  to  the  Sulby,  to  the  west  of  Mount  Karrin,  has  a 
thickish  bank  of  local  till  in  the  bottom,  which  is  well  exposed  on  the  east 
of  the  stream,  opposite  Farybedn  (Sh.  4). 
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In  passing  up  Sulby  Glen  from  the  mouth  (p.  438),  we  find  a  narrow  strip  Sulby 
of  lowJ  drift  on  the  east  bank,  forming  a  definite  feature,  but  not  often  Glen. 
seen  in  section.  The  river -alluvium  is  broader  than  usual,  and  i)robabIy 
somewhat  ancient  ^  and  the  stream  has  not  reached  its  pre-glacial  floor 
until  we  are  two  miles  up  from  the  entrance  of  the  glen.  Above  this  point 
there  is  very  little  drift  m  the  valley,  or  in  that  of  its  tributaries,  until  we 
reach  the  head-waters.  On  the  west  bank  opposite  Druidale  farmstead  we 
have  an  excellent  example  of  those  effects  of  temporary  post-glacial  stream- 
deviation  described  on  p.  372,  in  the  form  of  a  deep  rock-gully  which  ^hes 
the  valley- wall  high  above  the  present  river.  Other  deviations  are  indicated 
J  mile  higher  up  the  valley,  where  the  river  does  not  seem  yet  to  have  found 
Its  buried  pre-glacial  bed.  In  this  locality  high  banks  and  cliffs  of  slaty 
till,  rising  in  places  up  to  70  feet  in  height,  form  the  southern  side  of  the 
valley  and  continue  up  to  tie  head- waters,  at  over  1,000  feet  above  sea- 
level.  In  two  places  in  these  excellent  sections  I  noticed  dragged-out  streaks 
of  red  clay  and  sand  of  Extra-insular  aspect  among  the  local  till,  but  failed 
to  find  any  foreign  pebbles. 

A  narrow  tongue  of  this  drift  sweeps  across  the  col,  at  1,100  feet, 
between  Sartfell  and  Slieau  Maggie  (Sh.  7},  into  the  basin  of  the  Neb  River 
(p.  453),  while  the  main  mass  spreads  out  m  an  irregular  sheet  eastward  up 
to  the  slopes  of  Beinn-y-Phott  and  Snaefell ;  it  is  well  exposed  in  places  in 
the  upper  part  of  Glen  Crammag ;  and  less  clearly  in  the  glen  west  of 
Snaefell,  where  it  runs  up  to  1,350  feet  and  crosses  the  col  to  the  head- 
waters of  the  Laxey  River  (p.  451).  It  is  frequently  covered  by  boggy 
hill-peat,  which  attains  a  depto  of  6  feet  or  more  on  toe  northern  slopes  of 
Beinn-y-Phott,  and  here  has  been  extensively  dug.  At  the  higher  eleva- 
tions the  clayey  till  becomes  more  rubbly,  and  on  the  steeper  slopes  fades 
off  into  moundy  slaty  debris  containing  many  scratched  stones. 

Similar  material  sweeps  round  the  northern  shoulder  of  Snaefell,  and 
again  crosses  into  the  Laxey  ba.sin.  at  an  elevation  of  1,380  feet ;  while 
northward  and  north-eastward  it  extends  to  the  head  of  Glen  Auldyn 
and  of  the  eastern  tributaries  of  rhe  Sulby,  where  however  it  is  thinner, 
less  continuous  and  without  conspicuous  sections.  The  northern  side  of 
Slieau  Monagh.  on  which  occurs  the  glaciated  auartz-vein  of  Greg  Bedn 
previously  described  (p.  361  and  Figs.  99,100),  is  almost  free  from  drift ;  as 
18  also  the  greater  part  of  the  high  moorlands  between  Sulby  Glen  and 
Glen  Auldyn.  The  northern  end  of  the  ridge,  above  Ballamanaugh,  differs 
from  the  rest  of  the  northern  bluffs  in  being  apparently  swarthed  in 
drift  to  more  than  half  its  height,  perhaps  due  to  its  sheltered  position 
within  the  mouth  of  Sulby  Glen.  In  the  Warradale  depression  the  drift  is 
thinly  spread,  except  in  one  portion  of  the  lower  part  of  the  glen,  half  a 
mile  E.  of  Cronk  Sumark  (Sh.  4X  where  the  stream  api)ear8  to  have  broken 
into  an  old  ravine  filled  with  till. 

In  Glen  Auldyn  the  phenomena  of  Sulby  Glen  are  repeated,  the  local  Glen 
drift  occurring  as  a  narrow  sloping  platform  chiefly  on  the  eastern  side  of  Auldtn. 
the  stream,  with  good  sections,  showing  20  to  40  feet  of  slaty  till,  near  the 
head-waters.      Its  smaller  tributaries  descend  over  steep  slopes  of  bare 
alate,  but  intersect  this  platform  in  the  trunk- valley,  while  their  gathering 
ground  on  the  upland  is  generally  more  or  less  drift-covered.    On  the  high 
moorland  to  the  eastward   which  culminates  in  the  long  steep  ridge  of 
North  Bamile  and  Clagh  Ouyre  (p.  139),  rubbly  drift,  based  in  places  on 
slaty    till,    forms  a  fairly  continuous  sheet  covering  the  smooth  slopes 
below  the  broken  cragj^y  crest,  as  may  be  seen  in  the  cuttings  of  the 
mountain-rc^  ;  but  this  sheet  splits    northward  into  lobes  at  the  head  North 
of  the  little  glens  which  gash  the  plateau  above  Ramsey,  leaving  the  inter-  ]iARRULK 
veniftg   ground  for  the  most  part  free  from  drift.    On  the  ridge  itself  and 
scattered  blocks  of  local  dyke-rocks  and  (luartz,  with  occasional  glaciated  Snaefell 
fragments  of  slate  in  the  tWn  surface-rubble,  would  suffice  to  prove  that  i  ill-chaii 
ice  had  swept  over   the  crest,  were  other  evidence   wanting.    But  still 
more  convincing  proof  is  afforded  by  the  glacial  striae  which  are  found 
at  intervals  along  its  whole  length,  from  Slieau  Lcwai^^ie  close  irpon  the 
east  coast ;  across  North  Barrule  and  Clagh  Ouyre  to  Snaefell ;  and  thence 
across  Mullagh  Ouyr,  Cam  Gerjoil,  Slieau  Ree  and  the  more    westeriy 
3194  FF 
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Bpurs,  up  to  the  central  yalley.  As  the  position  and  character  of  these 
strise  are  indicated  in  the  List  (p.  476),  they  reqiiire  no  farther  descnp- 
tion.  In  many  other  places  where  no  stri»  could  be  detected,  the  rock- 
surface  is  distinctly  moutonn^e. 

There  is  a  little  rubbly  and  clayey  local  drift  around  the  northern  end  of 
North  Barrule  near  Dreem  e  Lhergy,  and  this  spreads  in  a  thin  cowing 
southward  and  eastward  around  the  flanks  of  Slieau  Lewaigae,  deBoeodhig 
into  the  Comah  valley  in  the  one  direction,  and  in  the  other  to  the  westezp 
side  of  the  Port  e  Myllin  depression.  In  tne  last-mentioned  locality,  as  it 
reaches  the  lower  part  of  the  slope  a  few  foreign  stones  make  their  appear- 
ance, at  about  250  feet  above  sea  level ;  this  \a  best  seen  in  a  deep  eattn 
which  descends  the  dope  from  a  house  by  the  roadside  near  Balksaig, 
600  yards  S.S.K  of  Lewaigue,  where  there  is  a  section  showing  about 
10  feet  of  slaty-rubble  drift  with  some  extra-insular  pebbles  ;  and  a  4-ft 
boulder  of  grey  Galloway  granite^  and  another  of  coarse  granite  not  nnHke 
that  of  Shap,  3  feet  in  diameter,  he  in  the  bottom.  At  Uie  foot  of  the  ikpt 
red  clay  is  seen,  as  previously  described  (p.  444).  Similiar  conditions  pre- 
vail all  along  the  eastern  flank  of  the  massif  ;  but  south  of  Laxe^  the  inter- 
mingling of  the  foreign  with  the  local  material  becomes  more  intimate  and 
extends  farther  inland. 

Between  the  hamlet  of  Comah  (Sh.  8)  and  the  coast  the  valley-floor 
IB  flat  and  fringed  with  gravel  terraces,  except  at  one  place  just  above  the 
confluence  of  the  Rhenab  tributary,  where  the  stream  seems  to  have  missed 
its  pre^lacial  channel.  This  part  of  the  valley  is  thinly  lined  on  both 
sides  with  local  drift,  in  which  a  streak  of  red  cla^  was  noticed  about  i  mile 
from  the  coast.  The  rocky  glen  above  Cornah  is  clear  of  drift  until  ire 
approach  Corrany,  where  there  is  a  little  river-flat  in  which  some  recent 
cnanges  have  been  made  in  the  water-course.  West  of  Corrany  we  enter  a 
broad  glen  running  back  into  the  heart  of  the  hills,  which  appears  to  be  an 
older  feature  than  the  lower  valley.  Local  drift  of  the  usual  hill-type  b 
thinly  overspread  on  the  northern  side  of  this  glen  up  to  1,000  feet  or  more 
above  the  sea-level,  but  on  the  steeper  southern  side  is  more  restricted.  Ab 
is  generally  the  case  in  upland  valleys  of  this  character,  the  present  stream 
has  almost  everywhere  reached  the  rock-floor,  and  the  drift  forms  grassy 
banks  somewhat  above  the  valley-bottom  which  constantly  tend  to  slip.  On 
the  high-lying  slope  near  Park  Lewellyn  (Sh.  8)  there  Is  a  group  of  large  olocks 
of  slate  and  greenstone  which,  if  in  their  natural  position,  are  rather  sof- 
gestive  of  a  small  valley-moraine  ;  they  may,  however,  have  l>een  artificiairy 
brought  together  for  some  purpose  in  prehistoric  times.  If  morainic,  tJidr 
occurrence  is  exceptional,  as  indications  of  valley-glaciers,  so  common  in 
Scotland  and  Wales,  are  conspicuously  wanting  in  the  Island. 

Returning  to  the  mouth  of  the  Renab  tributary^  we  find  for  200  or  300 
yards  on  the  noithern  side  of  that  stream  a  high  cliff  of  slaty  till,  while  the 
opix)8ite  side  is  a  bare  rock-slope.  Although  the  Dhoon  Granite  crops  oat 
on  the  crest  of  the  hill,  J  mile  to  the  southward,  no  fragment  of  itwai 
found  in  this  drift.  Toward  the  head  of  one  of  the  branches  of  the  stream, 
which  descends  directly  from  the  cranite  near  Ballig,  one  or  two  bonlden 
of  this  rock  were,  however,  noticed.  Another  of  its  branches,  150  yards 
south  of  Tiinity  Cliurch,  exposes  slaty  till  16  feet  thick,  resting  on  decom- 
posed red  and  yellow  slate-rubble.  This  material  continues  in  a  broadish 
atrip  northward  to  Corrany,  being  proved  to  a  depth  of  12  feet  in  a  well  at 
Ballacort€en  400  yards  E.  of  the  church ;  and  also  extends  southward,  along  a 
shallow  depression,  across  the  granite  outcrop,  to  the  head  of  Dhoon  Glen ; 
leaving  Barony  Hill  to  the  eastward  and  Sheau  Ouyr  and  Slieau  Buy  to 
the  westward  practically  free  from  drift. 

To  the  southward  of  the  granite,  while  slate  stOl  constitutes  the  ituuD 
ingredient  of  the  glacial  deposits,  the  igneous  rock  has  contributed  freely, 
especially  to  the  upper  or  more  rubbly  portion.  There  is  no  drift  in  the 
deeper  part  of  Dhoon  Glen,  but  a  thick  mass  fills  its  higher  valley  and  h 
exposed  in  sections  30  to  40  feet  deep  on  both  sides  above  the  upper  hig^i- 
road.  A  mining  adit  70  yards  long,  driven  northward  from  the  valley  a 
few  yards  west  of  this  road,  is  said  to  be  entirely  in  till.  On  the  slopes 
above  Rhenny  the  drift  liecoines  thin  and  rubbly,  and  in  this  form  extends 
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6Ver  the  western  part  of  The  Dreem  at  an  elevation  of  900  feet, 
descending  thence  into  the  Laxey  basin.  The  eastern  portion  of  The  Dreem 
is  without  mappable  drift,  but  boulders  of  Dhoon  Granite  are  plentiful 
there.  South  of  The  Dreem  thin  drift  covers  the  upland,  but  fades  out  on 
the  brow  of  the  Laxey  valley. 

Near  the  mouth  of  Laxey  Glen,  on  the  northern  slope  east  of  Minorca  Laxet 
(Sh.  11),  there  is  a  well-defined  terrace  of  slaty  gravel  with  streaks  of  red  basin. 
clay,  50  to  60  feet  above  the  present  stream ;  and  portions  of  a  similar 
terrace  are  traceable  on  the  opposite  .side,  just  above  the  confluence  of  Glen 
Roy.  These  are  no  doubt  equivalent  to  the  *  Late-glacial  Flood-gravels '  of 
the  northern  glens,  and  have  probably  at  one  time  been  connected  with  a 
delta  outside  the  valley-mouth,  which  has  been  removed  by  the  sea.  Up 
to  its  junction  with  Grlen  Agnedsh  the  river  possesses  a  terraced  alluvial 
flat,  and  has  not  reached  its  pre-glacial  floor  *  but  above  that  point  its 
aUuvium  contracts,  and  solid  rock  is  constantly  seen  in  the  stream-bed. 
Irregular  strips  of  rubbly  drift,  in  places  covering  hard  slaty  till,  line  the 
▼alley  on  both  sides,  generally  a  little  above  the  bottom,  up  to  its  head, 
filling  the  high  cols  north  and  south  of  Snaefell  to  a  considerable  depth.  A 
large  boulder  of  Dhoon  Granite  lies  at  the  edge  of  the  alluvium  500  yards 
above  the  Agneash  confluence ;  but  none  was  seen  higher  up  the  valley,  and 
the  fragments  of  *  contact-rock  *  observed  by  Mr.  Kendall  on  the  flanks  of 
Snaefell  ^  are  of  local  derivation.  This  absence  of  Dhoon  bouldera  west  of 
the  granite  outcrop  shows  that  the  south-westerly  current  in  the  ice  under 
the  lee  of  the  Island  was  subordinate  to  the  general  south-south-easterly 
movement  of  the  main  sheet  which  passed  over  the  summits. 

•At  the  mouth  of  Glen  Agneash  there  is  a  bank  of  coarse  flood-gravel ;  and 
Uie  drift  has  been  almost  denuded  from  the  lower  part  of  this  valley,  but 
lies  deeply  in  places  on  its  upper  slopes,  as  for  example  in  thg  banks  of  the 
Glen  Drink  feeder,  when  there  is  slaty  till  20  feet  or  more  thick.  It  is  to 
the  eastward  of  this  place  that  the  Dhoon  Granite  blocks  begin  to  be 
numerous.  The  patch  of  drift  on  the  high  moorland  south-west  of  Slieau 
Lhean  is  chiefly  of  the  rubbly  type.  Glacial  striae  on  this  moorland  and  on 
the  high  ground  on  the  southern  side  of  Laxey  Glen  are  recorded  in  the 
List  ^.  476). 

In  Glen  Roy  the  drift  is  mostly  confined  to  the  northern  bank  where 
the  side-ravines  frequently  expose  deep  sections  in  hard  slaty  till  ;  this  is 
40  feet  or  more  in  thickness  near  the  head  of  Glen  Roy  itself  at  800  feet 
above  sea-level,  and  in  the  more  northerly  branch  rises  to  1.220  feet  iii  the 
pass  between  Cam  Gerjoil  and  Mullagh  Ouyr,  and  descends  the  opyiosite 
slope  along  the  Creg-y-cowin  feeder  of  the  Baldwin  River  (Sh.  10).  No 
boulders  of  Dhoon  Granite  were  observed  in  Glen  Roy  or  its  tributaiiea, 
though  there  are  some  derived  from  the  el  van-dykes  associated  with  this 
granite,  which  cross  the  heads  of  the  northern  feeders  of  the  glen  (p.  307). 

South  of  Glen  Roy,  the  little  undulating  ^)lateau  west  of  Christ  (Lonan) 
Church  is  thinly  overspread  with  drift,  which  apparently  contains  a  few 
foreign  blocks  as  well  as  Dhoon  Granite,  judging'  from  the  stones  collected 
from  the  fields,  and  from  the  presence  of  a  few  boulders,  including  one  of 
grey  (Scotch  ?)  granite  2  ft.  in  diameter  in  a  field  300  yards  east  of  Hoanes 
(Sh.  la 

At  Poolvilla,  700  yards  W  S.W.  of  (Jhrist  Church,  at  500  feet  above  sea-  Dky 
level,  there  is  a  little  dry  gully,  excavated  partly  in  slate,  for  which  the  vallkys 
present  drainage  can  scarcely  be  held  responsible.    The  narrow  moorland-  east  of 
spur  running  eastward  from  Slieau  Meayf  to  Barroose,  a  mile  inland  from  ^^^^ 
Garwick  Bav,  is  notched  across  by  several  dry  gullies  of  similar  character  Meayl. 
to  those  which  have  been  described  on  the  north-westeni  flank  of  the 
massif.    These  are  slightly  developed  in  two  or  three  places  between  The 
Skoryn  and  Cronk  Garroo,  at  800  to  900    feet  above  sea-level ;    a  better 
example  is  seen  at  Cawarhenny^  east  of  Cronk  GaiToo  (Sh.  11),  at  a  little 
o^cr  700  feet ;  and  another,  smaller   but  in  some  ways  more  remarkable, 
half  a  mile  farther  east,  at  between  500  and  600  feet,  near  the  farmstead 
of  Barroose.    The  last-mentioned,  in  which  the  slate  has  been  (^uarrieds 

*  Yn  Lioar  Manninagh,  vol.  i.,  p.  401. 
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does  not  ciOdS  the  ridge,  but  runs  more  or  less  parallel  with  it, and  enda 
off  abruptly  on  the  slope.  A  little  below  its  mouth  there  is  a  lenticular 
mound  of  slaty  giayel  which  may  possibly  be  connected  with  its  erosion. 
The  ridge,  from  its  position  athwart  the  general  axis  of  the  Island  and 
fr:m  the  presence  of  wide  tracts  of  lower  ground  on  both  sides,  would  be 
likely  to  emerge  at  the  margin  of  the  waning  ice-sheet  in  the  path  of 
streams  flowing  southward  over  the  ice^  and, as  already  stated,  it  is  difficult  to 
understand  how  otherwise  valleys  of  this  character  could  have  been  excavated. 

On  the  gentle  southern  slopes  of  the  ridge  the  bead-waters  of  the 
Groudle  River  are  collected.  The  most  westerly  branch,  known  as  the 
Balhicotti^^r  River,  rises  directly  under  Slieau  Meayl  and  flows  southward 
in  a  broad  hollow  tliinly  covered  with  clayey  local  drift.  In  the  lower  part 
of  ita  course,  700  yards  above  its  confluence  with  the  main  stream,  it  reveals 
red  stony  clay,  umike  the  grey  till  in  its  upper  reaches ;  the  included  stoues, 
however,  seem  to  be  all  local.  At  Low  Ballacottier  (misengraved  Ballacollie 
on  the  old  one-inch  map)  at  400  ft.  above  O.D.  there  is  an  illnd^ed 
patch  of  yellow  loamy  sand  ;  and  in  a  little  gully  100  yards  farther  south 
rather  pebbly  boulder  clay  is  exi)osed,  in  wnich  besides  the  usual  locil 
stones  a  few  small  foreign  |)ebbles  were  noticed,  including  one,  an  inch  in 
diameter,  of  the  Ailsa  Craig  rock.  At  about  the  same  elevation  a  nuJe 
farther  west,  in  the  drainage  basin  of  the  Baldwin  River,  the  extra-insulai 
material  is  still  better  represented,  as  will  subse<)uently  be  described  (p.  455). 
It  indicates  the  invasion  of  the  area  by  an  ice-lobe  laden  with  toreign 
material,  which  probably  passed  up  the  broad  shallow  dei>ression  westward 
of  Clay  Head.  The  electric  tramway  foUows  this  depression  and  on  the  S. 
slope  of  Glen  Oatone  (Garwick),  near  Ballig,  reveals  slaty  gravel  and  safid, 
witli  \  sprinkling  of  foreign  pebbles  ;  similar  material,  mixed  with  slaty  till 
is  aW)  exposed  between  Ballameanagh  Beg  and  Baldroma  Beg  (Sh.  11)  j  and 
again  on  the  north  side  of  Groudle  Glen,  where  it  rests  on  a  ^Isbcuted 
surface  of  slate.  The  undulating  ground  east  of  the  tramway  is  drift- 
covered  up  to  Ballacreg^n,  Ballakilley  and  Ballavarane:  and 
is  trenched  by  a  broadish  draina^  hollow  in  which  some  alluvium 
has  accumulated.  Scattered  over  this  track,  alon^  with  numerous  Dhoon 
Granite  boulders,  are  many  of  extra-insular  origin,  including  Galloway 
granite,  coarse  Silurian  grit,  porphyrite,  diorite,  etc.  These  are  espedaUy, 
noticeaolc  in  the  fences  around  Baldroma  Beg,  where  one  of  the  blocks, 
2^  feet  in  diameter,  in  a  fence  370  yards  S.W.  of  the  house,  resembles  the 
altered  tuff  of  the  Lake-district  Borrowdale  series. 

To  the  westward  of  the  tram-line,  north  of  Groudle.  extra-insular 
ingredients  are  rare  or  absent,  the  ground  being  overspread  by  a  sheet  of 
hard  slaty  till,  which  is  exposed  in  a  bank  30  to  40  feet  high  on  the  north 
side  of  the  stream  150  yards  east  of  the  Laxey  highroad-crossing  at  Whiit 
BHdge.  North-west  of  the  road,  between  Ballakiimartin  and  Begoade.  we 
find  in  the  fields  and  fences  scattered  blocks  of  the  peculiar  igneous  rock  to 
which  reference  has  been  made  in  another  chapter  (Chap.  IV.,  p.  leo) ;  theac 
increase  in  abundance  towards  Ennamona  and  Caunrhenny  wnere,  as 
previously  stated,  it  is  probable  that  an  outcrop  of  the  rock  may  occur, 
thinly  covered  by  nibbly  drift.  These  boulders  were  at  first  thought  to  be 
of  extra-insular  origin. 

On  the  southern  side  of  Groudle  Glen,  a  little  eastward  of  the  highroad, 
a  shallow  depression  leads  into  an  alluvial  hollow  which  curves  roimd  at 
Onchan  (C^onchan  of  new  Ordnance  map)  and  drains  into  the  sea  at  Port 
Jack  (Sh.  14).  The  alluvium  consists  principally  of  clayey  wash,  but  is 
said  to  contain  peat  with  wood  east  of  the  dam  at  Onchan.  The  depres- 
sion probably  marks  a  Lat€-glacial  flood-channel.  It  is  bounded  on  both 
sides  by  thin  slaty  drift,  through  which  the  rock  protrudes  in  the  bank  north 
of  Onchan  Church. 

AVe  will  now  return  to  the  western  side  of  the  Island,  and  work 
eistward  across  the  drainage  basins  which  discharge  into  the  central  valley. 

The  rivulets  which  descend  to  the  western  coast  at  Giton  Skell^in^  Glian 
Cam  and  Glion  Broigh  (Sh.  6)  have  each  their  source  in  a  little  basin  of 
slaty  drift.  In  the  second  of  these,  the  flatter  part  of  the  basin  has  a  fioor 
of  alluvial  wash  thiid>  covered  with  peat.    Small  areas  of  this  characterare 
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common  on  the  uplands,  and  have  probably  at  one  time  been  occupied  by 
shallow  tarns,  thouifh  none  now  exists  in  this  condition.  The  subsoil  in 
these  tracts  is  usually  a  cold  wet  clay  full  of  bits  of  vein-quartz,  the  relics 
of  the  decomposition  of  local  slaty  wash ;  and  Manx  fanneis  reckon  such,  „p  .^ 
land,  which  tney  recognise  by  the  abundance  of  the  "  whito  stone  "  (quartz)  \y7^ 
as  the  worst  in  the  Island  (p.  569).  On  my  field-maps  I  applied  the  term 
"  Colby  Wash  "  to  ground  of  this  description,  from  the  district  in  which  I 
first  encountered  it.  Its  origin  may  be  assigned  to  the  washing  of  bare 
drift-slopes  by  heavy  rains  immediately  after  the  rece^4sion  of  the  ice-sheet, 
and  before  the  growth  of  ve^tation  (p.  413).  The  absence  of  tarns  among 
the  hills  at  the  present  day  is  some\%Naat  unusual  for  a  glaciated  district,  but 
may  be  explained  by  the  short  course  and  steep  fall  of  the  streams,  by 
which  they  have  been  enabled  to  break  through  the  drift-barriers  and  to 
re-excavate  their  fiUed-in  preglacial  channels  with  rapidity. 

In  the  sprinkling  of  drift-rubble  which  covers  the  slo|)es  of  slate  in  this 
neighbournood,  a  few  foreign  pebbles  may  be  observed,  among  which  a 
fragment  from  Ailsa  Craig  was  noticed  at  about  500  feet  above  sea-level  east 
of  Knocksharry.  To  the  east  of  this  hill  there  lies  another  upland  drift- 
basin  with  a  flat  of  "  Colby  Wash,"  which  drains  to  the  valley  of  the  Neb 
below  Laurel  Bank.  Glacial  stnse  occur  at  Staaryev,  Lambfell  Mooar, 
Beary  Pairk  and  other  places  in  the  vicinity  of  the  Neb.  as  recorded  in  the 
List  (p.  477).  The  next  depression  eastward,  through  which  runs  th(!  main- 
road  from  St  John's  to  Kirkmichael,  has  been  mentioned  bcfDre  in 
connection  with  peculiarities  in  its  drainage  (p.  8).  Its  northern  jiortion, 
draining  to  Glen  Mooar,  is  occupied  by  slaty  till,  while  the  water-parting 
between  the  north-  and  south-flowing  streams  lies  in  a  strip  of  alluvial  wash 
underlain  by  rubbly  drift,  like  the  basins  above  described. 

The  main  head-waters  of  the  Neb  are  in  drift-filled  hollows  on  the  ^^^'^ 
southern  slopes  of  Sartfcll.  In  the  east  branch  or  Rhenas  River  (Sh.  7),  '^^^  ^ 
there  are  good  sections  showing  40  to  50  feet  of  slaty  till  capped  with  slaty 
rubble,  at  about  1,000  feet  above  sea-level,  just  below  the  col  east  of 
Cronkdoo,  as  w^ll  as  at  several  points  lower  down  the  stream.  The  feeder 
north  of  Cronkdoo  starts  high  up  on  Sartfell  in  a  bare  coombe-like  hollow 
with  cliffs  of  slate,  but  has  banks  of  drift  a  little  lower  down  the  slope. 
South  of  Little  I^ondon  the  river  runs  for  the  most  mrt  on  bare  rock, 
bordered  here  and  there  by  strips  of  alluvium,  down  to  the  mouth  c  f  Glen 
Helen.  The  steep  western  slope  of  the  valley  is  also  free  from  drift,  but  on 
the  opposite  side  the  bank  has  a  capping  of  local  till  and  rubble  which 
extends  eastward  over  most  of  the  enclosed  ground  and  moorland  uj)  to  the 
spurs  of  Colden  and  Lhargee  Ruy,  except  where  eroded  through  by  the 
side-streams.  A  small  quarry  near  the  eage  of  the  moorland^  1,000  yards 
E.S.E.  of  Ballashimmin,  reveals  5  feet  of  till  resting  on  a  glaciated  surface 
of  slate,  "^^ith  stri:e  in  two  directions,  both  somewhat  unusual,  viz.,  W.  30** 
N.  to  E.  30'  S.,  and  E.  ZO**  N.  to  W.  20"  S.,  the  ice  having  evidently  suffered 
local  deviation  in  this  confined  basin.  The  drift,  covered  A^nth  2  or  3  feet 
of  hill-peat  on  the  watershed,  sweeps  over  the  ridge  into  the  basin  of  the 
Glass  nver  between  Slieau  Maggie  and  Colden,  and  again  between  Colden 
and  Lhargee  Ruy,  at  elevations  of  1,200  to  1,300  feet. 

Below  Glen  Helen  the  deep  valley  is  free  from  drift  on  the  western  side, 
but  has  hard  slaty  till  and  rubble  banked  thickly  against  its  eastern  sloi>e. 
A  brickvard  on  a  rather  extensive  scale  was  started  in  this  bank  GOO  yards 
above  the  bend  at  Ballig,  but  the  material  seems  to  have  proved  unsuitable; 
the  section  here  shows  20  feet  or  more  of  bluish  slaty  till.  To  tho  north 
and  south  of  this  place  the  valley-spurs  are  capped  with  flood-grave),  12  to 
15  feet  thick,  probably  the  relics  of  a  high  terrace  of  Late-glacial  age 
connected  with  the  great  terraces  which  line  the  central  valley  around  the 
mouth  of  the  glen  (p.  410).  No  trace  of  foreign  material  was  found  in  any 
part  of  the  basin  above  the  tsnnination  of  the  glen  at  Ballig  ;  below 
this  point  the  river  occupies  an  alluvial  flat,  but  erodes  the 
northern  bank  iust  before  issuing  into  the  central  valley,  revealing 
8  feet  of  stratified  stony  rubble  resting  on  15  fe«it  of  slaty  gravel 
belonging  to  the  higher  flood-terrace.  In  the  bed  of  the  river  below  this 
flection  red  pebbly  clay  containing  masses  of  crush^  slate,  foreign  stones 
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and  many  fragmentary  marine  shells  is  revealed,  while  slate  in  place  is 
seen  a  few  yards  farther  eastward.  The  shelly  clay  is  like  that  in  the  nver- 
bed  near  Peel  (p.  467). 

Leaving  for  the  present  the  consideration  of  the  centnd  valley  itselt,  we 
pass  eastward  on  its  northern  slopes  into  the  little  drainage  misin  of  the 
Greel)a  River.  This  is  covered  with  a  thin  but  persistent  sheet  of  slaty 
drift,  up  to  the  slopes  of  Beary  Mountain  on  the  north  and  Qreeba  Mountain 
on  the  east  The  latter  hill  shows  glacial  striae  a  little  to  the  east  of  tbe 
summit, at  1,268  feet  above  OD  ;  ana  others  along  with  the  characteristic 
roundtxl  surfaces,  indicating  movement  from  the  west  and  north-w^t,  on 
the  top  of  the  crags  overlooking  the  central  valley.  Greeba  Glen  is  for 
tiie  most  luirt  clear  of  drift ;  but  in  the  bed  of  the  stream,  300  yds.  above  the 
mill,  a  3-ft.  boulder  of  erey  (Galloway  ?)  granite  was  noticed,  and  a  little  lover 
down  another  of  pebbly  grit  which  did  not  seem  to  be  insular.  Th«»  have 
no  doubt  l>een  transported  eastward  alone  the  central  valley  by  the  ice-lobe 
])rcviously  described  (p.  351).  The  singular  effect  of  the  old  delta  of  flood- 
gravel  at  the  mouth  of  Greeba  River  in  diverting  the  present  drainage  has 
alreatiy  l>een  noted. 

Bordering  the  central  valley  east  of  Greeba  Mountain,  there  is  a^n  a 
broiid  drift-covered  incline,  out  of  which  rise  islands  of  bare  slate  in  Cmnk 
Brtac  and  Crrmk  ny  AfucaUlyn  (Sh.  10),  while  in  several  oth^  places  tbe 
sheet  of  slaty  till  and  rubble  is  so  thin  that  the  rock  peeps  tlvt>ugh.  In- 
deed in  all  tracts  of  this  kind  in  the  Island,  while  on  firat  impression  it 
may  a|)}>ear  that  the  solid  rocks  are  buried  deeply,  one  finds  on  closer 
investigation  that  the  smoothing  down  of  the  surface  has  been  effected  with 
great  economy  of  material,  and  that  only  exceptionally,  in  the  deeper 
hollows,  have  the  glacial  deiK>sits  accumulated  thickly.  Hence  'live-rock' 
crops  out,  in  little  patches  too  small  to  map,  in  all  sorts  of  unexpected 
])laces.  The  drift-mantle  is  therefore  far  more  ragged  than  appears  on  the 
published  map.  Sometimes,  as  in  this  tract,  the  i)ositions  of  a  few  of  the 
rock -exposures  are  indicated  on  the  map  by  dip-arrows  or  other  rock- 
symbols. 

On  the  slope  north  of  Eyreton  Castle  an  unusual  number  of  large  boulden 
of  actinolitic  greenstone  (p.  311)  have  been  ploughed  out,  and  now  line  all 
the  fences  up  to  Braid  :  and  are  equally  plentiful  on  the  opposite  slope 
leading  into  the  West  Baldwin  (Glass  River)  vaUey,  around  Ballalougfa  and 
again  near  l^llaquine. 

The  principal  known  ex|X)sures  of  dykes  of  this  character  are  near  the 
heads  of  the  Glass  and  Baldwin  valleys,  4  miles  to  the  northward  (pp.  IftT 
and  1  r)9),  but  there  may  of  course  be  nearer  outcrops  concealed  by  anft.  In 
anv  case,  the  blocks  form  a  well-marked  train  crossing  the  ridce  in  a 
N.N.E.  to  S.R.W.  direction,  in  agreement  ijvith  the  trend  of  the  glacial  stri« 
of  the  neighbourhood.  On  the  same  slopes  \  mile  farther  east,  near  Nab 
and  Ballakelly,  while  the  greenstones  diminish,  boulders  of  pale  micro- 
granite  of  the  Foxdale  el  van-type  (p.  158)  become  plentiful ;  and  thou^ 
somewhat  intermingled,  a  parallel  train  of  the  latter  may  be  traced  down  to 
the  central  villey  near  Ballabeg  and  Ballahutchin.  These  have  no  doubt 
be(^n  dcTived  from  the  dyke  which  is  exposed  at  Ballachrink  in  the  West 
lialchvin  valiey,  though  not  necessarily  from  this  particular  part  of  its 
outcrop.  Still  farther  east  the  boulders  are  principally  of  quartz-veined 
grit,  like  that  seen  in  place  north  of  Mount  Rule  ancf  on  the  moorlands  cast 
of  tlie  l>aldwin  River.  The  drift  with  which  sdl  these  bouldere  are 
assf»r>iated  is  hard  slaty  till  ;  and  this  material  lines  the  northern  side  of  the 
valley  down  to  Union  Mills. 

Tn  the  lower  part  of  the  valiey  drained  by  Avnn  Darra{/h  (Sh.  10)  which 
joins  the  River  Glass  at  Baldwin,  we  find  an  unusual  quantity  of  local  till, 


deeply  and  sweeps  over  into  the  Neb  basin  as  already  described.  Similar 
conditions  occur  at  the  head  of  the  Injebreck  River  on  the  northern  side  of 
Colden  Mountain,  but  this  stream  flows  over  bare  rock  for  some  dbtance 
above  its  junction  with  tbe  Glass, 
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The  upward  mamn  of  the  drift  around  the  head  of  the  main  branch  of 
the  Glas8,  between  Injebreck  Hill  and  Beinn  y-Phott,  is  ill-defined,  fading 
off  on  the  higher  ground,  as  usual,  into  a  sprinkling  of  slaty  rubble 
containing  a  few  sciatched  stones.  In  the  valley  there  is  much  slaty . 
till ;  above  Iiyebreck  the  stream  has  cut  throup^h  this  to  its  old 
floor,  but  below  that  place  the  glacial  material  occupies  parts  of 
the  valley  bottom,  and  is  ex[K)scd  in  high  banks  on  the  eastern  side,  both 
on  the  main  stream  and  in  traiisverse  gullies.  One  of  the  best  of  these 
sections  is  the  river-cliff  300  yards  S.  of  Ulican  (Sh.  10),  which  exhibits 
from  40  to  50  feet  of  till  interbeidded  with  rough  slaty  gravel.  This  drift 
extends  westward  up  to  the  foot  of  the  Awhallan  crags,  on  which  there  are 
excellent  glacial  striae  (see  List,  p.  477) ;  and  eastward,  though  not  quite 
continuouslv,  across  the  dividing  ndge  mto  the  East  JBaldwin  depression. 
Below  Iiyebreck  traces  of  fluviatile  gravel-terraces  are  visible  here  and 
there  in  the  bottom  of  the  valley,  the  higher  of  which  probably 
corresjjond  to  the  more  conspicuous  platform  below  the  confluence  of  the 
Baldwin  River  which  attracted  the  attention  of  Macculloch  ^  and  Gumming* 
(p.  405). 

The  conditions  in  the  East  Baldwin  valley  resemble  in  all  respects  those  East 
of  West  Baldwin,  except  that  the  drift  is  not  so  thick  in  the  V>ottom  of  the  Baldwin 
glen  ;  wherefore  the  stream  runs  for  longer  on  a  rocky  floor,  and  its  alluvial  Valley. 
flats  and  terraces  are  confined  to  lower  reaches  than  in  the  sister- valley. 

Its  eastern  feeders,  the  Creg-tj-cowin  River  and  a  nameless  stream 
70D  yards  farther  soutn,  rise  in  basins  deeply  filled  with  glacial  material, 
and  afford  interesting  illustrations  of  the  post-glacial  erosion  of  these 
dei)osits.  On  the  moorland-ridge  of  Slieau  Kee  to  the  east  of  the  valley, 
glacial  striae  were  observed  in  several  places  (see  List,  \\.  477).  The  eastern 
slopes  of  this  ridge  are  thinly  overspread  with  drift,  api)arently  all  of  local 
origin,  in  which  small  sections  are  revealed  in  places  in  the  gullies  that 
occur  at  the  head  of  a  little  stream  {Sulby  River)  tributarv  to  the  Glass.  The 
rising  ground  east  of  this  stream  Ls  also  more  or  less  drift-covered ; 
and  on  the  southern  part  of  this  tract,  between  Abbeylands  and  Glenville,  Glknvili 
at  300  feet  above  sea-level,  a  section  occurs  which  deserves  especial  notice, 
since  it  shows  an  admixture  of  extra-insular  material  with  the  local  detritus. 
This  is  revealed  in  a  shaUow  clay-pit  500  yards  west  of  Glenville,  from 
which  material  was  dug  for  use  in  the  construction  of  the  Douglas  water- 
works reservoir  on  the  Groudle  River ;  the  section  visible  in  1896  showed 
2  feet  of  slaty  gravelly  clay  of  *  Colby  wash '  character  (p.  453),  resting  on 
6  feet  or  more  of  dull  red  clay  with  stones  of  which  the  majority  and  the 
larger  were  local,  but  with  a  fair  sprinkling  of  foreigners. 

Among  the  local  boulders  was  one  of  greywacke,  6  feet  in  diameter  ;  the 
extra-insular  stones  included  fragments  of  p«y  (Galloway  ?)  granite  ;  red 
sandstone  and  grit  (rather  plentiful) ;  Carboniferous  Limestone,  etc.  Speci- 
mens of  the  Liassic  fossil  Uryph/tu  incurva  were  said  to  have  been  obtained 
in  this  pit  by  the  workmen,  but  their  authenticity  seemed  very  doubtful. 

The  Uttle  glen  to  the  S.E.  of  this  exno.sure  revealed  no  clear  section  ;  but 
a  brickyani  by  the  side  of  the  highroad  at  UighUm,  300  yards  S.  of  the  glen, 
showed  10  feet  of  mixed  slaty  clay  ;  in  this  a  few  red  sandstone  pebbles 
were  noticed,  and  i)08sibly  other  foreigners  might  have  been  obtained  by 
longer  search.  This  drift  was  rather  gravelly  at  the  top,  and  thinned  off 
southward  upon  a  bank  of  slate.  A  slate  quarry  400  yards  east  of  Willaston 
(Sh.  13),  }  mile  S.E.  of  the  section  last  described,  is  capjied  by  gravelly  drift, 
2  to  3  leet  thick,  containing  numerous  foreign  pebbles  j  and  the  same  admix- 
ture probably  i)revails  in  most  of  the  material  which  covers  the  slope 
between  Cronk-ny-Mona  (Sh.  10),  where  the  bare  rock  is  seen,  and  the 
valley  of  the  Glass.  Where  thin,  such  drift  weathers  into  a  reddish  or 
yellowish  stony  loam,  differing  from  the  soil  of  the  unmixed  slaty  boulder- 
clay.  It  is  frequently  difficult  to  decide  whether  it  is  least  niisleatling  to 
map  such  material  as  gravel,  or  as  boulder-clay,— a  difficulty  often  still 
more  acute  in  the  case  of  the  nuxed  drift  south  of  the  i.*entral  valley. 

1  "  Western  Isles,"  vol.  ii.,  p.  525. 

*  Quart.  Journ.  (ieol.  Soc.  vol.  ii.  p.  338. 
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ZR  FABT      In  the  valley  of  the  Glass  below  its  junction  with  the  Baldwin,  V^ 

'ttE  banks  or  cliffs  of  till  and  partly-stratified  drift  extend  along  the  eastern  s^ 

latr  OF     of  the  river- dat  down  to  Tromode.    A  se<'tion  in  the  upper  part  of  tin 

Glass,    bank  300  yards  N.  of  the  dam  of  Tromode  Mills  showed  30  to  40  feet  irf 

stratified  coa»e  slaty  gravel  and  loamy  sand,  with  bouldery  loam  tovuili 

the  top.    In  some  of  the  gravel  beds  in  this  section  the  pebbles  mn 

arranged  with  their  longer  axes  vertical.  One  hundr^  yards  fiirther  south, 

firm  Hlaty  till  is  seen  at  the  foot  of  the  bank,  with  gravelly  drift  above.  A 

little  below  this  place  the  river  has  missed  itfl  old  channel  and  excavated  t 

trench  in  slate,  as  de.'wribed  in  a  previous  chapter  (p.  161.'.    The  sedM 

where  the  present  bank  cuts  across  the  abandoned  eastern'  loop  oppmit 

BalJanard  shows  slaty  Hood-gravel  resting  on  warp  and  silt,  with  booldci 

clay  probably  concealed  under  the  talus  slope.     Slaty  till  is  seen  tgui 

under  the  gravel  terrace  in  the  little  side-ravine  500  yards  S.C  of  Tmiodb 

On   the  western   side,  the  river-flat  south   of  the  confluence  of  tbs 

Baldwin  and  Glass   is  fringed    by    a  high-level  teriHce,  whitii,  like  ito 

e<iuivalents  in  the  Baldwin  valleys,  borders  a  more  or  less  diin-covmd 

slope.    This  terrace  is  interrupted  by  a  bluff  of  slate  at  Sir  Georgit  Bnijt, 

Fig.  107.     Section  ai  the  top  of  the  valley  bank,  400  yardt 
south-west  of  the  Purl-nyshee,  near  Douglas. 


3  Late-glaciai  fiood-gravel ;  pebbles,  chiefly  of  slate,  fairly  well  ndlcd, 

lying  fiat ;  about  3  feet  seen. 
2  Grey  loamy  layer,  with  most  of  the  pebbles  vertical  ;  1  to  2  feet 
I  Klaty  gravel  and  wash  like  No.  1,  with  the  pebbles  flat 

near  Oatknds  (Sh.  lOt,  but  sets  in  again  a  little  below,  and  continnn 
up  to  the  ravine  at  Tromode.  It  is  represented  on  the  opposite  side  of 
the  valley  by  the  gravel  which  covers  the  southern  spur  at  the  confluence 
of  the  Siahu  stream.  Opi>OHitc  Castleward  the  terrace  is  composed  of  thin 
clayey  rublile  resting  on  slate,  with  little  or  no  clean  gravel.  It  falls  soutb- 
wanl  from  200  feet  above  CD.  where  first  seen,  to  100  feet  at  Tromode, 
but  d<ies  not  iiiiito  koejt  iiai'O  with  the  present  fall  of  the  river,  and  is  there- 
fore highest  above  the  stream  in  the  lower  |iart  of  its  course. 

Below  Troinodu  the  valley  bottom  expands  suddenly  into  an  alluvisl 
Hat  :2uO  to  300  yards  wide,  and  40  to  50  feet  above  sea-level.  The  ojunioii 
i.s  i^iiQi  ally  held  in  tlie  neighbourhood  that  this  alluvial  flat  marks  a  silted- 
np  psti^anne  inlet,  an  idea  recorded  by  Gumming,'  repeated  in  ths 
Lmi  lie -books,  and  foHtered  liythenanie.Purt-iiydiee,  by  which  the  placeii 
known.  The  flat  is  however  evidently  of  fluviatiie  origin,  and  is  too 
high  to  have  been  entered  by  the  sea  even  during  the  Kaised  Beach  period. 
On  its  western  side  the  continuation  of  the  high  terrace  above- described 

'  "  Isl?  of  Man,"  p.  18. 
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may  be  traced  down  to  its  iunction  with  the  central  valley,  where  the  ed^e 
of  the  terrace  is  40  feet  above  the  river-flat.  Sections  of  this  terrace  m 
the  steep  hemk  S.W.  of  Purt-ny-shee  fannstead  exhibit  in  places  20  feet  of 
slaty  gravel,  with  loamy  bands  in  some  of  which  most  of  the  flatter  i)ebbles 
are  vertical  even  when  underlain  and  overlain  by  beds  in  which  such  pebbles 
re  horizontal,  as  shown  in  Fig.  107. 

Traces  of  tue  gravel  terrace  are  also  seen,  resting  on  a  high  bank  of  till, 
on  the  eastern  side  of  the  valley  between  Tromode  and  Purt-ny-shee  ;  but 
south  of  the  latter  place  they  disappear,  and  the  stream  impinges  upon  a 
biuik  of  slate.  From  the  form  of  the  ground  and  the  position  of  the 
l^veL  it  seems  not  improbable  that  the  drainage  of  the  valley  may  at  one 
tune  nave  found  more  direct  access  to  the  sea  in  Douglas  Bay,  in  the 
direction  marked  by  the  shallow  depression  due  east  of  Purtny-shee,  to 
which  reference  has  been  made  in  describing  the  Douglas  area  (jp,  446). 

The  spur  of  rising  ground  between  the  valley  of  the  Glass  ana  that  of  the  Balla- 
Dhoo  oelow  Union  Mills  is  almost  wholly  drift  covered,  and  sometimes  flbtohbk. 
apparently  to  a  considerable  depth,  but  there  are  few  sections.  West  of  the 
road  between  Oatlands  and  Union  Mills,  slaty  boulder-clay  is  the  chief  con- 
stituent, and  no  foreign  ingredients  whatever  were  found.  East  of  the  road, 
gravelly  and  sandy  material  predominates,  with  a  sprinkling  of  extra- 
insular  pebbles  among  the  slaty  debris,  and  tne  surface  is  more  uneven  and 
moundy.  A  small  sand-pit  m  this  tract  360  yards  W.  of  Cronkboume 
House  showed  (in  1896)  12  to  15  feet  of  cross-bedded  fine  gravel  and  loamy 
sand.  Former  pits  of  larger  size  adjoining  the  main  road  400  yards  W.S.  W. 
of  this  place  are  now  disused  and  obliterated.  Towards  the  southern 
end  of  uie  spur  the  ground  becomes  stiffer,  and  has  been  mapped  as 
boulder-clay. 

Central  Valley— Peel  to  Donglas. 

The  general  description  of  the  drift  and  alluvia  of  the  central  valley 
given  in  preceding  chapters  (Ch.  I.,  p.  8,  Ch.  IX.,  p.  349,  and  Ch.  X.,  p.  409), 
will  be  supplemented  by  a  few  additional  details,  without  repeating  the 
facts  already  recorded. 

Between  reel  Harbour  and  the  rock-gorge  at  Glenfaba  the  Neb  is  fringed  Pbel, 
on  the  east  by  a  low  alluvial  flat,  Close  Chiam  of  the  six-inch  map  (Sh.  9), 
which  is  conterminous  with  the  strip  of  Raised  Beach  at  Peel,  and  may  w 
in  part  estuarine.  This  is  bv^rdered  on  the  east  by  a  high  Imnk  of  drift  of 
the  extra-insular  type,  best  exposed  in  the  road-cutting  leading  to  Glenfaba 
Bridge,  consisting  of  red  sandy  boulder-clay,  associated  both  above  and 
below  with  sand,  loam,  and  gravel.  The  bed  of  the  river  300  to  400  yards 
S.  of  Peel  Station  reveals  patches  of  contorted  red  pebbly  clay  and  loam  wiUi 
forei^  stones  and  many  fragmentary  marine  shells,  including  Ledapemula, 
Telltna  halthica,  TropJum  clathratuSy  etc.,  which  api)ears  to  rest  directly  on 
crushed  slate,  and  must  have  been  deposited  a^inst  the  cliff-like  rock-slope 
which  forms  the  western  Imnk  of  tne  river  beneath  Peel  Hill.  A  large 
excavation  into  this  bank  at  the  brickyard  150  yards  farther  south,  where 
some  of  the  drift  still  adheres  to  the  slope,  showed  (in  1897)  10  to  20  feet  of 
slipping  slaty  rubble,  mixed  with  red  clay  and  drift-gravel  containing 
peobles  of  flint,  Ailsa  Craig  riebeckite-rock,  granite,  etc.,  and  some  scratched 
stones.  This  drift  rested  on  the  crushed  and  decomposed  shaly  blue  slate, 
which  is  ground  up  and  made  into  bricks. 

It  has  previously  been  suggested  (p.  410)  that  at  Glenfaba  the  buried 
pre-glacial  valley  probably  lies  to  the  eastward  of  the  i)re8eiit  gorge  ;  and 
evidence  in  favour  of  this  view  is  furnished  by  the  report  (see  p.  279)  that 
90  feet  or  more  of  **  soft  clay,  gravel  and  clay  mixea,  and  then  boulder- 
clay,"  were  passed  through  in  a  boring  for  coal  made  in  1873  a  little  to  the 
eastward  of  Glenfaba  Muls.  This  bonng  does  not  ai»})ear  to  have  struck 
solid  rock  until  below  present  sea-level,  although  in  the  adjacent  river-bank 
the  rock  b  seen  at  50  to  60  feet  above  O.D. 

The  undulating  platform  of  Extra-insular  drift  extending  inland  from 
Peel  to  the  foot  of  the  slate  hills  at  Lhergydho  and  Poortown  is  composed 
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for  the  most  part  of  low  sandy  and  gravelly  mounds,  but  red  stony  dir 
comes  to  the  surface  on  the  rue  between  Ballaqujane  and  Ballagyr,  and 
slaty  clay  covers  the  lower  sloi)e  of  the  solid  hills.  The  platform  is  trenched 
by  several  drainage  channels^  now  almost  dry,  falling  southwutl  to  the  N«it 
The  occurrence  of  little  l»asins  in  this  tract  has  been  previously  noticed  in 
describing  the  elk-remains  found  at  Close-y-Garey,  but  the  most  consi«cnoas 
exam]  lie,  at  Ballalou{i;h,  deserves  further  mention.  This  is  a  pit-like  hollow 
a1iN)Ut  2()0  yards  in  diameter,  surrounded  to  a  height  of  40  or  50  feet  vith 
steo])  banks  of  sand,  gravel  and  a  little  clay,  except  on  the  south-west  idien 
one  of  the  drainage  channels  just  referred  to  leads  out  from  it  towards  the 
Neb.  The  bottom  of  the  basin  is  still  boggy,  but  contains  a  dry  mound 
which  is  not  unlikely  to  be  artificial,  like  the  so-called  "Fort"  at  La^igk 
Mooar  (p.  432).  Immediately  to  the  south-east  of  this  hollow  rises  Crrmk 
Lheannatj,  a  little  isolated  hill  of  bare  slate  (p.  l&5);and  we  may  suspect  that 
the  de[K>sition  of  the  drift  may  have  been  so  modified  in  some  way  by  the 
vicinity  of  the  rocky  hillock  as  to  produce  the  depression.  A  smaller  am 
lies  200  yards  farther  north,  with  another,  still  smaller,  beyond  it^  the  ttm 
fonning  a  broken  chain  in  Uie  direction  of  the  drainage-slope. 

The  up|x?r  gravel  terrace  on  the  northern  side  of  the  Neb  east  of  Balla- 

wyllin  is  in  places  only  thinly  overspread  with  slaty  gravel,  with  an  eioded 

surface  of  glacial  clay,    lliis  clay  has  been  dug  for  bricknlaking  both  qd 

the  terrace  and  in  the  upi>er  liank  of  drift  which  bounds  It,  but  the  woiki 

were  not  in  operation  during  the  survey  of  the  area. 

K  On  the  south  side  of  the  valley  around  Kirk  Patrick,  above  the  terram 

RICK.        elsewhere  tlescribed  (p.  410),  clayey  drift  containing  an  iauimixture  of  loeal 

and  foreign  detritus  sweeps  through  the  low  col  leadinig  to  Glen  Meay ;  at 

(lordon  and  Rheabymooar  this  is  overlain  by  terrace-like  strips  of  grsYefly 

material,  and  in  the  valley  lx)ttom  by  alluvial  wash,  indicating  fonner 

drainage  through  the  gap.    The  manner  in  which  the  lower  layers  of  the 

ice-sht'ct  laden  with  foreign    material    were    pushed    forward    into  the 

embayment  of  the  hills  in  this  neiglilx)urhood  has  preWously  been  discosMd. 

Wliile  the  greater  portion  of  this  ice  escaped  tnrough  the  opening  tt  St 

Jolins  an<l  up  the  Archallagan  slo]*  (p.  351), or  passed  out  at  Glen  Mti^^ 

the  alM)ve-mentioned  col,  some  part  seems  to  have  been  pushed  *«p* the 

wc\stern  slu|)e  of  Slieau  Whuallian,  where  the  gradient  is  confpariitiWIt 

geiitle,  as  foreign  material  is  associated  with  slaty  drift  in  the  patdiee 

preservt^l  around  the  heaiis  of  the  little  glens  high  up  on  the  "fidgt,  and 

jKisses  at  Eairy  over  the  watershed  into  a  gulley  descending  tcGlenMoMr. 

A  boulder  of  grey  (Galloway  ?)  granite,  measuring  5  feet  bv  3  feet  by  2  feet 

lies  in   the  ravine  al)Ove  Ikllacosnahan  (Sh.  9),  400  yards  S.  of  the  Pw 

res<Tvoir  ;  another,  of  ])urple  grit,  5  feet  in  diameter,  at  the  head  6f  the  dea 

:au  due  south  of  liallasjKjt,  with  others  lower  down;  and  Mr.  Kendall  recoidsa 

UALLiAN  3.ft.  block  of  (ialU)way  granite  on  the  ridge  of  Slieau  Whuallian  itself.' 

The  lx>uld(Ts  are  most  numerous  and  largest,  however,  below  Eairy,  in  the 

ab(»ve-montioned  i*ocky  gully  descending  southward  into  Glen  Mooar,  at  500 

to  (KK)  teet  or  more  above  sea-level,  when*,  among  others  noticed  were  oncoif 

prey  gninite,  0  feet  by  5  fet^t  by  4  feet,  and  one  of  pebbly  ^t,  6  feet  by  4  feet 

by  3  feet .    This  gully  is  one  of  those  which  cannot  be  explained  by  the  present 

drainage  and  must  date  back  to  I^te-glacial  times.    Glacial  stnae-in  several 

places  on  Slieau  Whuallian  show  that  the  summit  of  the  ridge  has  been 

crossed  by  an  ioe-tiow  from  N.X.W.  (see  List,  p.  477). 

[>ALE.  The  chanicter  of   the  drift   in  Foxdale   has  previously  been  outlined 

(p.  350  and  p.  370).    The  best   sections  are  in  the  lower  part  of  the  glen 

and  at  the  head  of  its  western  feeders  south  of  Slieau  Wliuallian,  the  upper 

part  of  the  main  valley  ('ontaining  only  a  thin  rubbly  covering  on  the 

sloi>os,  with   bare  rock  in  the  stream-l»ed.    A  4-ft  boulder  of  Galloway 

gninite  was  observed  near  the  east  >>ank  of  the  river  400  yards  below  the 

roa<l-crossinix  at  the  mines,  and  two  or  three  others  of  smaller  size  lower 

down  the  glen,  north  of  Ballanas,  where  the  slaty  drift  is  intermingled  with 

foreign  material  (see  Fig.  IM,  p.  3.")0).    To  the  eastward  similar  boukien 

are  scattered  plentifully  on  the  upland  around  the  head  of  Glion  Dam^ 

^  Yn  Lioar  >lanninagh,  vol.  i.,  p.  409. 
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>at  blocks  of  the  local  granite  alone  were  seen  on  the  moorlands  west  of 
Poxdsde. 

The  slopes  above  the  fans  of  flood-gravel  lining  the  central  valley  east  of 
Foxdale  nave  a  thin  covering  of  yellowish  sandy  drift,  containing  both  local 
ind  foreign  pebbles.  This  is  soaringljr  exposed  in  the  occupation  roads 
aonth-east  and  east  of  Kennaa  (Sn.  9) ;  it  has  been  coloured  as  ^  boulder- 
day  '  on  the  map,  but  scarcely  falls  under  that  desi^ation  :  and  the  rather 
more  sandv  material  jccurnng  in  the  same  position  farther  east,  around 
Rhenny  (Sn.  10),  is  fo  far  removed  from  boulder-clay  that  it  has  been 
coloured  as  'sand  and  gravel.'  In  cases  of  this  kind,  where  the  litho- 
logical  characters  hang  upon  the  border-line,  it  must  be  understood  that 
the  strong  contrast  in  the  conventional  colouring  of  the  map  may  represent 
only  a  slight  difference  in  the  actual  composition  of  the  deposits.  A  few 
boulders  of  Galloway  cranite  and  other  extra-insular  rocks  accompany  this 
sandy  drift  and  mark  the  path  of  the  ice-lol>e  previously  discussed  (p.  350). 
The  crest  of  the  sloi)e  is  for  the  most  part  bare  of  drift,  but  on  the  plateau 
beyond  we  again  find  a  covering  of  yellow  loam  with  an  admixture  of  local 
and  foreign  stones,  best  seen  in  the  road  leading  from  Ballacurry  to  the  Old 
Comelly  Mines,  and  in  the  drainage-trenches  of  Arch/illa^an  plantation. 
No  drift  now  remains  in  Glion  Darragh  (otherwise  known  as  Ballacurry 
QlenX  but  numerous  lai^e  foreign  boulders  strew  its  channel,  of  which  a 
rounded -block  of  grey  (Galloway?)  granite  8  feet  by  6  feet,  at  the  fork 
below  the  mines  is  perhaps  the  finest  example. 

On  the  northern  side  of  the  central  valley,  a  little  tract  of  moundy 
gravel  at  Hallacraine,  at  the  mouth  of  the  low  col  leading  into  the  ravine 
of  the  Neb,  deserves  mention.  Like  the  adjacent  gravel-platform  of  slightly 
newer  date,  it  probably  denotes  the  passage  of  flood-waters  from  the  upper 
glen  through  tnis  now  dry  gap  during  the  melting  of  the  ice. 

The  drift  on  both  sides  of  the  valley  contracts  eastward  towards  Greeba,  East  or 
and   disappears  altogether  in  the   narrowest  part  of  the  i>ass  opixjsite  Greeba. 
CreffoeaoUj  where  the  rocky  bluffs  come  down  to  the  alluvium  for  a  space 
of  40  or  60  yds.    To  the  E.  of  this,  sloping  banks  of  drift  once  more  border 
the  depression,  that  on  the  southern  side,  which  continues  up  to  the  mouth 
of  CoaUlinaUl  (Sh.  10),  being  again  in  part  composed  of  yellow  sandy  loam. 
A  4-ft.  boulder  of  grey  Galloway  granite  was  noticed  at  the  lower  margin 
of  this  bank  480  yards  S.W.  of  Cregbeg.    The  head  of  (JooiUingUl  reaches 
back  to  Archallagany  and  contains  loamy  drift  with  foreign  stones  at  GOO 
feet  above  sea-level.    Similar  material  extends  southward  into  the  little 
basin  which  gives  rise  to  the  stream  flowing  to  the  central  valley  at  Ellerslie  ; 
and  occasional  extra-insular  boulders,  along  with  many  from  the  local  micro- 
granite  dykes,  may  be  seen  in  the  fences  aroimd  and  to  the  ciist  of  Eairyjora 
and  Eairykellag  (§h.  13)  at  elevations  up  to  500  feet.  At  Garth  in  the  lower 
part  of  the  basin  this  drift  becomes  assorted  into  stratified  sand,  gravel  and 
etoneless  warp  :  and  an  irregular  strip  of  similar  material  stretches  down  the 
depression  N.E.  of  Slieau  Chiarn  to  the  mouth  of  Ellerslie  Glen.    A  small  Ellerslie 
sand-pit  in  this  strip  350  yards  west  of  Ballingan  showed  6  feet  of  yellow 
sand  with  small  local  and  foreign  pebblcvS  scattered  as  in  a  boulder-clay.    A 
rock- surface  exposed  at  the  new  buildings  60  yards  E.  of  the  pit  bore  glacial 
strise  in  two  directions  (p.  479) ;  the  one  set  corresponds  with  striai  on 
Slieau  CJhiam,  and  represents  the  local  flow  on  the  leeside  of  the  hills ;  the 
other  agrees  with  those  on  Archal lagan  and  Slieau  Whuallian,  and  indi- 
cates the  main  flow.    Below  Ellerslie  the  drift  on  both  sides  of  the  central 
•valley  seems  all  to  be  of  local  origin,  until  we  pass  Union  Mills  ;  it  is,  as 
usual,  deeply  banked  on  the  northern  slopes,  and  thin  or  absent  on  the 
opposite  side.    Below  Union  Mills  the  soutn-western  slopes,  above  the 
flood-terrace  (p.  411)  and  below  the  outcrop  of  the  slate,  are  sparingly 
covered  with  indefinite  rubbly  loam  ;  this  has  been  coloured  as  *  boulder- 
clay  ',  except  where  it  forms  distinctly  gravelly  mounds  as  in  the  patctl 
between  Kirby  and  Farmhill  and  again  at  Pulrose  (Sh.  13).    The  dnft  of 
the  opposite  side  of  the  valley  has  already  been  described  (p.  457). 

The  remnants  of  a  flood-gravel  terrace,  probably  equivalent  to  those  of  the  MippLB 
Glass  and  the  Dhoo^  are  seen  in  the  lower  part  of  the  valley  of  their  con-  i^v^s^ 
fluent,  the  Middle  River,  up  to  its  sharp  bend  above  Kewaigue.    Its  western 
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slope  south  of  Middle  is  capped  by  a  moundv  belt  of  rubbly  and  pandy  slate- 
gravel  with  some  foreign  pebbles,  which  loUows  the  trend  of  the  villey 
up  to  the  above-mentionea  bend,  but  then  crosses  it  and  runs  up  into  a 
depression  leading  to  the  coast  aX  KeristcUy  north  of  Port  Soderick  (p.  4fZ\ 
no  doubt  indicating  a  glacial  drainage-course.  To  the  east  of  the  Talky, 
the  patches  of  drift  running  up  into  the  depressions  at  Nunnery  Hove 
and  Ballaslig  though  still  fubbly  are  of  a  more  clayey  character.  Both 
varieties  are  exposed  in  railway-cuttings  between  Douglas  and  Fort 
Soderick.  In  the  upper  part  of  the  Middle  River  basin,  north  of  Richmond- 
hill,  there  are  several  small  exposures  of  slaty  tiU,  while  an  ill-defined  paid 
of  local  gravel  occurs  south  of  ^allabunt. 

The  drifts  of  the  eastern  extremity  of  the  central  valley  required  no 
further  description  than  that  already  given  (pp.  466-7). 


SOUTHERN  Division. 

(Parts  of  sheets  9  and  13,  and  sheets  12, 15,  16, 17, 18  and  19,  of  6-inch  oapi) 

Westeifi  Codst  south  of  Peel, — Between  Peel  and  Contrary  Head  a  men 
sprinkling  of  drift-pebbfes  on  the  steep  hill-slope  above  the  cliff  and  sone 
striae  on  the  top  of  the  ridge  (p.  477)  are  the  only  indications  of  giariitifflii 
On  Contrary  Head  itself,  a  little  red  boulder-clay  and  gravelly  drift  wi4 
local  and  foreign  stones  has  lodged  ;  and  is  associated  wim  stris  panlkl  to 
the  cliff-line,  which  show  that  the  general  contour  of  the  coast  has  not 
altered  much  since  Glacial  times.  Narrow  strips  of  aimiliLr  drift  hug  tbe 
crest  of  the  cliffs  southward  to  Glen  Meay,  nmning  a  little  way  inland  in  a 
gap  in  the  ridge  S.W.  of  Knockaloe  Mooar  (Sh.  9),  and  on  the  inward  akpe 
forming  a  moundy  delta-like  patch  of  sand. 

At  the  mouth  of  Glen  Meay  the  slate-rocks  sink  to  a  comparatively  lorn 
level,  constituting  between  this  place  and  Niarbyl  Bay  a  slomng  fdatfom 
at  the  foot  of  steeper  ground.  Upon  this  plaUorm  the  glacial  d^xxiti 
attain  considerable  thickness,  levelung  the  irregularities  of  the  old  snrfaoi 
and  rising  above  it  north  of  Ballaquane  into  ffravelly  mounds.  ExceUent 
sections  are  revealed  at  the  mouth  of  Glen  Meay ;  and  to  the  southward, 
at  Lag  ny  Traagh  where  the  drifts  are  70  feet  thick ;  and  a^n  opposite  tk 
Niarbyl.  They  show  much  variation  in  details,  but  where  most  folJy 
developed  the  sequence  is  as  follows — 


1. — Upper 
Boulder-clay. 


2.--Middle 

Stratified 

Drift. 


3. — Lower 
Boulder-clay. 


Red  sandy  boulder-clay  or  loam  ;  stones 
chiefljr  rounded  and  small,  and  many 
extra-insular,  but  with  a  few  large 
scratched  blocks  ;  often  absent,  espec- 
ially where  the  drift  rises  into  mounds, 
and  never  more  than  a  few  feet 
thick. 


Rudely  stratified  coarse  bouldery  gravel, 

with  seamsof  fine  gravel,  sand  and  red 

^     clay ;  containing  slate-fragments  more 

•     or  less  waterwom  and  l3dng  flat, along 

with  many  foreign  stones  ;  thickness 

very  irregular,  up  to  40  feet. 

^Dark  grey  boulder-clay  ;  local  rocks  the 
most  abundant  constituent,  some- 
times in  large  blocks,  but  a  few 
foreigners  also ;  some  small  shell- 
fragments  ;  thickness  in  depressions 
may  reach  30  to  50  feet,  but  thins 
out  under  the  Stratified  Drift  against 

V    slopes  of  rock. 
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Drift  of  the  above  character,  sometimes  clayey  at  the  surface  and  some- 
Dies  ffravelly,  extends  inland  up  to  the  highroad  between  Glen  M^y  and 
Dalby,  out  is  frequently  overlain  by  clayev  slaty  rubble  on  approaching  the 
steeper  hill-«lope.  The  middle  division  becomes  thinner,  finer  in  composi- 
lioiij  and  lesa  moundv  as  we  leave  the  vicinity  of  Glen  Mea^  ;  which  is  sug- 
gestive of  its  material  having  been  swept  through  the  previously- described 
gap  in  the  hills  S.  of  Kirkpatrick. 

South  of  Dalbjr  the  drift  thins  out  at  Barrane  (Sh.  12).  where  the  high  I^aog  Rive  \ 
ground  again  joins  the  coast-line.    At  this  i)oint  a  little  delta  of  slatv 
ipravel,  at  the  mouth  of  the  Laag  River^  is  intersected  by  the  cliff ;  inland, 
in  the  bottom  of  the  short  coomoe-like  recess  drained  bv  this  stream,  blue 
slaty  till  has  accumulated  in  places  to  a  considerable  depth,  especially 
around  the  head  of  its  southern  branch,  the  Kylley  River,     In  the  similar 
but  smaller  hollow  of  Glion  Mooar,  a  mile  farther  south,  from  which  a 
stream  leaps  in  a  waterfall  over  the  cliff  at  Gob  yn  Ushtey,  only  a  little 
nibblv  drift  has  been  preserved  :  but  in  the  bed  of  its  stream,  at  400  or  500 
feet  above  sea-level,  are  several  large  extra-insular  boulders,  including  one  Vicinity  (  f 
of  red  granite,  6  feet  in  diameter.    The  great  precipitous  slopes  bordering  Cronk  ny 
the  sea  between  this  place  and  Fleshwick  seem  at  first  sight  to  offer  no  lodg-  Arrey 
ment  for  drift  *  but  this  is  not  quite  the  case,  since  both  north  and  south  of  Lhaa. 
The  Stacks  (Y  Slogh^  Sh.  12)  &  narrow  strip  of  clayey  drift  with  scratched 
stones  has  adhered  to  the  seaward  side  of  the  mountain,  and  forms  here  and 
there  a  sli^rht  terrace  between  the  higher  cra^s  and  the  true  cliff.    As  we 
ainoroach  uie  Fleshwick  depression,  this  material  thickens  *  and  fills  the  old 
TaUey  with  a  mixture  of  slaty  till,  laminated  clay,  sana,  and  gravel  with 
some  forei^  pebbles.  Striated  rock-surfaces  of  peculiar  interest  occur  on  both 
slopes,  and  show  that  a  tongue  of  ice  has  been  forced  through  the  constriction ; 
these  should  be  studied  in  connection  with  the  examples  on  the  crest  of 
he  ridces  to  the  northward  and  to  the  southward  (consult  List,  j>p.  478-79). 

Bradda  HiU  though  glaciated  is  bare  of  drift ;  out  patches  of  till  have  Br  add  a  and 
lodged  under  its  shelter  on  Bradda  Head,  as  may  be  seen  at  the  top  of  the  Port  Erin. 
clm^350  yards  S.  of  North  Bradda  Mines,  where  it  is  12  feet  thick.  On 
this  part  of  the  headland  occur  numerous  fine  boulders  of  Galloway  granite 
and  other  foreign  rocks,  one  being  9  feet  in  diameter,  another  5  feet,  etc. ; 
and  associated  with  them  are  a  few  of  Foxdale  granite.  Several  of  the 
former  lie  near  the  path  leading  from  the  above-mentioned  mines  to  Bradda 
West,  Mr.  Kendall  thinks  that  an  Irish  granite  (Mourne  Mountains)  may 
be  represented  among  the  boulders  which  he  observed  in  Port  Erin  Bay.^ 
Towards  Port  Erin  the  drift  thickens,  again  partly  filling  a  pre-glacial  hollow. 
which  must  have  descended  below  present  sea-level,  as  patches  of  till 
were  visible  on  the  foreshore  at  tne  northern  margin  of  the  recess 
in  1893  where  the  beach-stuflF  was  washed  aside.  In  the  middle 
of  the  bay,  where  the  drift  is  thickest,  the  sections  arc  obscured ; 
but  probably  consist  lar^ly  of  sand,  gravel  and  laminated  clay, 
20  feet  of  such  material  being  exposed  in  1892  in  an  excavation  at  the 
south  comer  of  the  recess,  under  Ballafurt.  On  the  opposite  side,  near  the 
old  Biological  Station,  the  upper  part  of  the  cliff,  above  the  slate,  shows 
sandy  pebbly  clay  and  loam,  partly  stratified  and  gravelly  in  places,  con- 
taining many  shell-fragments  and  some  foreign  pebbles.  Boulders  of 
Foxdale  granite  were  noticed  in  two  places  in  this  part  of  the  bay. 

South  of  Port  Erin  the  drift  of  the  coast-section  is  confined  to  small 
patches  of  clayey  rubble  lying  thinly  in  sheltered  places  on  the  slate. 
Glacial  strise  are,  however,  more  numerous  along  the  crest  of  this  cliff  and 
southward  to  Spanish  Head  than  in  any  other  part  of  the  Island,  and  are 
frequently  super-imposed  in  more  than  one  direction  (List,  pp.  478-79). 

South-eastern  Coast ;  Douglas  to  Langness. 

Small  patches  of  till  and  gravel  adhere  to  the  northern  face  of  Douglas 
Read,  sometimes  resting  on  striated  surfaces  of  slate.  The  largest  patch 
lies  around  Fort  Anne  Hotel  and  Is  exi)osed  in  a  gully  in  the  hotel  grounds 

»  Oi).  cit,  p.  4()G. 
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and  in  the  adjacent  road-cutting.  To  the  southward  of  the  Head,  wkat 
the  road-cuttings  for  the  Marine  Drive  afford  an  aknost  continuous  aectioo 
in  the  slope  above  the  cliff,  the  drift  is  in  negligable  quantity  until  Little 
Ness  is  passed,  though  glacial  stnse  are  numerous  ^.  478).  At  Rebog 
(Sh.  13),  J  mile  west  of  Little  Ness,  clayey  drift  with  gravelly  inter- 
calations IS  banked  deeply  upon  a  sheltered  slope  at  the  cliff-top,  being 
25  feet  thick  in  one  part  of  me  cutting.  This  gives  place  to  gravel  in  the 
depression  between  Coolebegad  and  Port  Soderick,  which,  as  mentioned 
above,  is  probably  the  continuation  of  the  gravel-belt  of  the  Middle  valley. 
A  fine  section  has  been  opened  up  to  a  depth  of  over  20  feet  in  th^ 
gravels  by  the  Marine  Dnve,  showing  archea-beddinff,  false-bedding  and 
contortions,  the  pebbles  being  mostly  of  local  sandy  slate  and  greywacke, 
but  with  a  sprinkling  of  foreigners  including  flint,  red  sandstone,  porphyry, 
etc.  The  figure  on  next  page  represents  a  portion  of  this  section  as  seen 
in  1892. 

Among  the  boulders  on  the  Port  Soderick  beach,  the  Foxdale  Granite  and 
Oatland  Qranitite  are  represented,  this  being  the  most  northerly  point  at 
which  these  rocks  were  ooserved  on  the  east  coast ;  blocks  of  extra-insular 
origin  also  occur.  That  the  glen  opening  to  the  shore  at  this  place  has 
been  in  existence  in  Pre-glacial  times  is  proved  by  the  presence  of  slaty  till 
in  the  bottom  ;  this  is  exposed  to  a  depth  of  25  feet  in  south  bank  of  the 
stream,  400  yards  above  its  mouth.  In  the  railwav-cutting  at  Port  Soderick 
Station,  slaty  till  is  banked  against  one  side  or  a  boss  of  rock,  and  slaty 
gravel  against  the  other  side,  the  gravel  partly  overlying  and  partly  mta- 
mingling  with  the  till  above  the  b^s. 

Southward  from  Port  Soderick  there  is  little  or  no  drift  in  the  cliffs  until 
we  round  San  ton  (St.  Ann's)  Head,  where  some  slaty  till  has  accumulated 
in  the  recesses  south  and  east  of  Mary  Voar  (Sh.  17).  A  boulder  of  Foxdale 
Granite  lies  in  a  gully  in  the  drift  of  the  more  easterly  recess,  50  yards 
from  the  shore.  A  remnant  of  the  Raised  Beach  is  preserv^  in  this  recess 
and  in  one  or  two  others  farther  west  In  approaching  Port  (Jrenaudi  the 
drift  forms  a  more  continuous  capping  to  the  cliffs,  and  in  the  middle  of 
that  inlet  descends  below  high- water  mark  and  occupies  portions  of  a  pre- 
glacial  channel  on  the  foreshore.  From  this  locality  south-westward,  blocks 
of  Foxdale  Granite  though  rarely  seen  in  place  are  of  frequent  occurrence 
on  the  beach. 

South-west  of  Port  Greuaugh  the  cliffs  are  lower  and  the  adjacent  ground 
less  hilly,  thus  affoi*ding  better  opjjortunity  for  drift  to  lodge  ;  and  wc  find 
in  consequence  a  more  i-egular  develoj)nient  of  the  glacial  deixisitj^,  thou^ 
their  thickness  still  varies  greatly  with  the  form  of  the  surface  on  which 
they  rest ;  they  are,  on  the  whole,  of  a  clayey  type,  but  with  gravelly  inter- 
lialations.  At  Port  Sold  rick  we  have  once  more  an  example  of  the  infilling 
of  a  pre-glacial  recess,  the  drift  being  banked  against  cliff-Hke  slojies  of 
slate  on  both  sides  to  a  depth  of  100  feet  in  the  middle  of  the  inlet,  con- 
sisting, so  far  as  am  be  seen,  of  till  and  gravelly  bands  containing  shell- 
fragments.  The  San  ton  River,  at  jiresent  discharging  through  a  rocky 
gorge  at  Cass-ny- Hawin  600  yards  farther  south,  may  have  had  its  pr&- 
glacial  outlet  at  this  place.  A  glaciated  rock-surface  is  visible  at  the  baae 
of  the  drift  at  the  southern  entrance  to  Port  Soldrick. 

The  clayey  drift  extends  up  to  Cass-ny- Hawin,  and  also  covers  the  rising 
ground  inland  to  the  south  of  that  ravine  ;  but  where  the  Carboniferous 
Limestone  sets  in,  the  ground  in  the  neighbourhood  of  the  coast  forms  a 
lower  undulating  platform  which  is  for  the  most  part  thinly  covert  with 
stratified  gravel  ( pp.  470-2).  This  gravel  is  exposed  here  and  there  in  the  low 
clitF  between  Cass-ny- Hawin  and  Ronaldsway ;  at  the  latter  locality  traces^ 
the  Raisea  Beach  are  also  present. 

It  is  probable  that  in  the  inner  part  of  Derby  Haven,  which  is  concealed 
by  beacn-stutf,  the  limestone  mav  oe  overlain  m  places  by  boulder-clay,  as 
this  material  is  seen  in  the  low  bank  at  Ronaldsway,  and  masses  of 
ceniented  drift-rubble  cap  the  solid  rock  on  the  foreshore  east  of  the  farm- 
buildings.  The  Haven  is  surrounded  by  a  rim  of  blown  sand,  resting  for 
the  most  part  on  Raised  Beach ;  and  sand  covers  the  isthmus  ninning  out  to 
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464  Details  of  Superficial  Deposits. 

Langness.    Cummine  states^  that  a  catting  made  for  a  drain  in 

isthmus  showed  "alternating  layers  of  peboles,  sand  and  loam."  Tke 
pebbles  which  occur  throughout  the  blown  sand  on  the  Bacecomrm  hafe 
probably  been  driven  up  in  part  by  storm-waves  and  in  paxt  by  the  wind, 
entangled  in  rolling  balls  ot  sea-weed,  both  methods  having  been  noticed 
in  operation  above  hi^h  water  mark  m  Castletown  Bay.  ^le  blown  sand 
rests  on  drift-gravel  m  the  bank  south  of  the  causeway  leading  to  St 
Michael's  Island  ;  and  pockets  of  similar  gravel,  occupying  little  hohom  of 
the  slate -rocks,  are  of  common  occurrence  along  the  outer  shores  of 
Langness,  but  are  all  too  small  to  map.  On  the  western  side  of  the  Dro- 
mon tory,  however,  where  the  Carboniferous  rocks  afford  a  less  rugged  surface, 
the  gravel,  partly  of  local  and  partly  of  foreien  material,  is  sufficiently  p»- 
sistent  to  require  mapping  ;  a  little  boulder  day  is  also  saen  on  this  aide,  in 
the  bank  above  the  Raised  Beach  at  Langness  farmstead  ;  and  some  laige 
boulders,  including  Foxdale  Granite,  greenstone,  coarse  ^t.  etc.  are  am* 
spicuous  on  the  broad  tidal-shelf  of  limestone.  On  this  shelf  the  Raised 
Beach  merges  insensibly  into  the  present  shore. 

Soufhern  Coast ;  Castletown  Bay  to  Calf  Soimd. 

On  the  eastern  shore  of  Castletown  Bav  the  limestone-scars  ^ve  place 
rather  suddenly  at  Sandwich  to  a  beach  of  sand  and  shingle  whi^  extends 
westward  to  the  vicinity  of  the  harbour.  This  beach  is  for  the  most  pait 
underlain  by  drift,  as  was  proved  by  the  exposure  of  patches  of  till  in 
several  places  between  high  and  low  water  during  our  survey  of  the  ooast 

The  most  easterly  of  these  exposures  was  seen  near  low  water  within  90 
or  30  yards  of  the  aiaappearance  of  the  limestone  *  another  occupied  a  good 
breadth  of  foreshore  opposite  King  William's  College ;  and  others  occuired 
between  half  tide  and  low  water  at  many  points  farther  west  up  to  within 
a  few  yards  of  the  reappearance  of  the  limestone.  They  were  all  of  similar 
character,  showing  a  hard  stony  till  full  of  glaciated  limestone-blocks,  witli 
a  sprinkling  of  foreign  pebbles  and  fragments  of  shells,  among  which  a  sin^ 
perfect  valve  of  Leda  petmiUa  was  obtained. 

The  only  cliff-section  of  this  drift  is  at  Ilango  I/ill,  opposite  King 
William's  College,  where  the  till  rises  for  a  short  space  to  30  feet  aboTC 
O.I).,  while  the  surrounding  ground  forms  part  of  the  gravel-platform  (p.  471). 
This  section  was  carefully  studied  and  figured  by  Cumming,'  whose  descrip- 
tion deserves  c^uoting  as  an  illustration  of  the  remarkable  insight  of  this 
observer  at  a  time  (1845-1848)  when  the  phenomena  of  the  glacial  depodts 
were  still  imperfectly  understood.    It  is  as  follows  : — "  We  have  a  consoli- 
dated mass  of  black  or  dirty  blue  mud,  such  as  we  can  easily  imagine  to  be 
formed  by  the  grinding  down  of  the  dark  limestones  and  shales  of  tUs 
district,  such  a  debris  in  fact  as  is  formed  in  the  yards  of  the  stone-nuisoiis 
of  this  neighbourhood  where  this  same  limestone  is  cut  and  polished.    In  it 
we  iind  mixed  up  confusedly  gravel  and  sand,  and  pebbles  (not  large)  oi 
foreign  rocks,  granites,  syenites  and  porphynes.  fragments  of  the  CJoal- 
measures  of  Cumberland,  and  one  or  two  chalk  flints.    We  have  some 
boulders  of  the  insular  granite  and  larger  masses  of  insular  rock,  such  as 
greenstone  and  old  red  conglomerate,  but  above  all  masses  of  limestone  in 
rhomboidal  blocks,  some  weighing  upwards  of  a  ton  and  having  the  appear- 
ance of  transport  from  Coshnahawin,  a  mile  and  a  half  to  the  north- 
eastward.   .....    These  limestone  blocks  seem  pushed  over  one  upon 

the  other,  and  piled  up  amongst  the  travel,  sand  and  clay  in  wondroos 
confusion."  ^  In  another  part  of  his  boot,  Cumming  ^ows  that  the  changes 
in  the  appearance  and  colour  of  the  boulder-clay  depend  upon  the  composi- 
tion of  the  subjacent  rock  to  the  eastward,  and  adds  : — **  The  analysis  of 
Dr.  Kemp  (of  St.  Peter's  College,  Cambridge)  for  the  purpose  of  determining 

»  "  Isle  of  Man,"  p.  78. 

2  Quart.  Journ.  (ieol.  Soc.,  vol.  ii.  (1846),  p.  338,  and  fig.  in  text;  also 
"  Islo  of  Man,"  pi.  viii. 

3  " Isle  of  Man"  (1848),  p.  69. 


the  percentage  of  lime  in  the  marls  of  the  north  and  south  of  tlie  island, 
gave  for  a  sample  taken  from  Kirk  Bride  parish,  near  Point  Cranstal,  only 
5"145  per  cent  of  lime,  whilst  a  sample  from  Hango  Hill  yielded  about  24') 
per  cent.  A  sample  taken  at  Ilonaldsway,  a  little  to  the  westward  of  the 
basset  ed^e  of  the  old  red  sandstone,  gave  6*75  per  cent.,  and  the  sanie  was 
very  nearly  the  proportion  of  a  mass  from  Strandhall."  *  He  also  discusses 
the  erosion  of  the  cliff  at  this  mint,  and  gives  evidence  to  show  that  "  in 
1662  when  William  Dhone  was  here  shot  to  death,  the  cliff  was  probably 
removed  from  30  to  40  feet  from  the  building  "  *  (an  old  tower  now  nearly 
all  carried  away  by  the  sea).  Mr.  Kendall  has  likewise  described  the 
section,  and  records,  besides  limestone,  the  following  rocks  in  order  of 
abundance  : — "  Vein-quartz,  dark-red  recrystallised  sandstone,  yellow  sand- 
stone, flints,  diabase,  Ailsa  Craig  eurite,  clay  slate.  .  .  .  The  rarity  of  clay- 
slate  is  very  remarkable."' 

Between  Hango  Hill  and  Castletown  Harbour  a  narrow  strip  of  Raised 
Beach  borders  the  shore,  l)ehind  which  rises  a  gravelly  bank  more  or  less 
covered  with  blown  sand.  Qouth  of  the  town  there  is  no  exiwsure  of  drift 
until  we  reach  the  quarry  at  Scarlet,  where,  under  a  covering  of  from  2  to  Scarlbt. 
4  feet  of  claypy  nibble-drift  and  till  full  of  the  local  rock,  occurs  an  excel- 
lently striated  surface  of  limestone  (p.  479).  This  was  first  described  by 
Gumming,  who  distinguished  three  kinds  of  markings,  "the  d&t*\)GT jxylished 
^prooinngs^  the  striations  or  finer  scratches  w/>ow  the  groovings,  and  the 
indentations "  * ;  later  descriptions  have  been  given  by  several  observers.* 
A  boulder  of  porphyritic  greenstone,  measuring  6  feet  by  5  feet  by  2^  feet, 
I)erhaps  derived  from  the  mass  bordering  the  Oatland  granitite(p.  321),  was 
uncovered  in  1892  in  the  drift  in  this  place.  The  entrance  to  the  quarry 
has  been  cut  through  a  i)atch  of  liaised  Beach  full  of  recent  shells. 

West  of  Scarlet  Point,  where  the  Carboniferous  Volcanic  rocks  occupy 
the  coast,  drift  is  represented  only  by  ix)ckets  of  gravel  in  the  hollows,  until 
we  reach  the  limestone  at  Poyll  Vaaish,  where  it  again  thickens.     The 
section  in  the  "black-marble  "  quarry  (p.  220)  on  the  eastern   side  of  this  Poolvasi 
inlet  has  been  described  almost  as  frequently  as  that  of  the  Scarlet  quarry. 
It  shows  6  to  10  feet  of  bouldery  gravel-drift^  clayey  at  the  base,  resting 
on  a  striated  surface  of  limestone.    The  gravel  contains  many  l)oulders  of 
the  local  tuff  and  porphyrite,  along  \*'ith  a  few  foreign  stones.     Patches  of 
more  clayey  drift  are  seen  beneath  Raised  Beach  at  a  few  points  farther 
north,  though  gravelly  material  predominates  at  the  surface  a  little  way 
inland.     In  the  low  cliff  west  of  tklladoole  (Sh.  16)  the  drift,  8  to  10  feet 
thick,  gravelly  above  and  clayey  l>elow,  is  cemented  into  hard  masses  by 
calcareous  percolation,  as  fuUv  described  by  C\inniiing.    (Op.  cit.,  p.  137). 
^  In  the  bend  of  the  bay  at  this  place,  a  gap  20r»  to  3(K)  yaixls  wide,  in  the 
limestone-scars  on  the  foreshore  opi)osite  the  mouth  of  the  Strandhall  Strand 
brook,  indicates  the  place  where,  when  the  sand  and  shingle  of  the  beach  is  hall 
washed  aside,  peat  with  trunks  of  trees  is  revealed,  as  described  in  the  pre- 
ceding chapter  (p.  413).    The  low  cliff  between  Strandhall  and  Kentraugh  is 
composed  of  till  which  descends  in  places  to  the   foreshore   and  there 
covers  striated  surfaces  of  limestone  (p.  479).     It  seems  quite  i)OSsible  that 
the  present  tidal-flat  of  limestone  in  this  bay,  and  in  mrts  of  Castletown 
Bay  and  Derby  Haven,  may  nearly  correspond  to  the  tiiial -flat  of  Preglacial 
times. 

Where  the  slate-rocks  are  faulted  in  at  Kentraugh,  they  rise  in  a  hum- 
mock nearly  through  the  drift  but  sink  again  before  reaching  the  mouth  of 
the  Colby  River,  opposite  which,  in  1892,  stony  till  was  visible  in  jilaces  on  the 
foreshore.  A  little  blown  sand  caps  drift -gmvel  and  till  on  the  eastern  side 
of  the  stream.  Westward  to  Rheiiwyllan  the  coast  is  fringed  with  a  strip 
of  Raised  Beach,  backed  by   a  gravelly   ]»lateau.      The   foundations   for 

*  Op.  cit,  pp.  113  and  305. 

*  Op.  cit,  p.  80. 

*  Yn  Lioar  Manninagh,  vol.  i.,  p.  415. 

*  Op.  cit,  p.  115. 

*  J.  Home  :  J.  Clifton  Ward  ;  W.  Hewitt ;  P.  F.  Kendall.     (See  Hiblio- 
graphy  for  references.) 
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a  prc^acsizi^  viD  for  tbe  Idgli-rcMd  akng  this  strip,  EL  of  Mount  Gawiu^ 
Libc^fid  li  feet  of  akizk^e.  stained  aiia  cementea  in  places,  resting  on 
ir  <^T  wizi^jct  siooea.  Camming  was  informed  that  in  1827  the  sand 
i!^  ^j-cv-v  like  htromd  tidal-^lat  opposite  Mount  Gau^ne  was  swept  aside 
br  a  <*:«i&  asri  reveakd  th«?-  remains  of  an  old  forest,  with  traces  of  a 
priaiiiiTT:  h -t  i^jl  413- ;  \.  Dorinz  the  present  survey  the  only  exposure  in  this 
tra^  we«:  <>f  ihe  m>xith  of  the  Colby  was  at  half-tide  about  200  yards  e^ 
ot  itiT  zzLiI]  ^:  Rhenwjflan,  wiiere  patches  of  till  and  greenish  glacial  silt 


n  In  Cirij'ii  &y,  the  northern  reoess  of  Port  St  Mary  Bay,  the  glacial 

Ma£T.  defc^it^  ccirapr  the  whole  cliff  abont  ©0  feet  in  height,  the  lower  part 
codiKised  \4  t^amy  till  with  small  stones  and  crumbs  of  shells,  pa^^ing  up 
into  «uaii&e«i  clay  aiMi  loamy  sand,  with  clean  sand  and  gravel  at  the  top. 
Sooth  or  thi*  there  are  no  sections  until  we  pass  the  harbour  and  reach  the 
faulted  '^atlirr  of  CArbniiiftM»>a'i  Limestone  forming  Port  St.  Mary  PaitU^ 
which  is  oT>erlain  br  a  sheet  of  drift  and  beautifully  glaciated,  furnishing 
another  of  the  l*xalities  repeatedly  described  in  Manx  glacial  literatnre.' 
Mr.  Hewin  has  called  attention  to  the  manner  in  which  the  vertical  as 
well  as  the  horisontal  surfaces  of  the  limestone  have  been  striated.  He 
remarks.  **....  at  the  limekilns  at  Port  St.  ^lary,  the  UDper  limestone 
beds  end  inland  in  a  succession  of  six  steps,  a^nst  which  aouts  a  Eiass  of 
imstiatified  stony  till.  Each  step  is  well  polished  and  striated  on  both  its 
horixontal  and  exposed  vertical  siaes ;  the  horizontal  edges  are  well  rounded 
off  and  the  strije  may  be  seen  running  obliquely  from  the  horizontal  to  the 
vertical  faces.  These  steps  have  a  total  mfference  of  height  of  from 
5  to  6  feet."* 

The  secti<Mi  in  the  cliff  400  yards  S. W.  of  the  new  breakwater  is  shown  in 
the  figure  on  next  page. 

Among  the  boulders  on  the  foreshore  at  the  time  of  my  examination, 
derived  from  this  drift,  were  one  or  two  blocks  of  Foxdale  granite  ;  these 
were  being  hewn  into  sha(»e  preparatory  to  removal,  and  I  was  iiifonned 
that  similar  blocks  were  at  one  time  very  abimdant.  Examples  of  this 
granite  may  he  seen  here  and  there  aD  round  the  shores  of  Bay  uy 
Carrickey  ;  and  a  rounded  boulder,  measuring  3  feet  by  2  feet  by  li'feet, 
which  seems  to  be  of  Shap  granite  was  seen  near  low- water  mark  in  the 
middle  of  Perwick  Bay  (p.  338). 

West  of  the  limestone-outlier  the  drift  spreads  more  thinly  over  the 
rising  slope  of  slate,  but  thickens  again  in  an  old  hollow  in  Perwick  Bay, 
and  then  fades  to  a  mere  sprinkling  on  the  rugged  coast  beyond.  Between 
Kionev  Ghoggan  and  Calf  Sound  the  only  places  where  there  is  drift  thick 
enough  to  map  are  in  the  recesses  of  Bay  Stacka  and  BaiA  nt/  Breechyn, 
the  first,  R  and  the  second,  \V.  of  Spanish  Head.  A  little  gravel  nas 
lodged  on  the  lower  part  of  the  slope  at  the  extreme  south-western  comer 
of  the  Island  •  and  a  tiny  patch  of  similar  material,  partly  cemented,  caps 
the  islet  of  Kitterland  in  Calf  Sound.  If  this  tract  had  ever  been 
submerged  since  Glacial  times,  these  gravel  patches  must  have  been  swept 
away  by  the  tide-race  through  the  Sound.  Glacial  striaj  were  obserred 
abundantly  on  all  the  higher  ground  W.  of  Perwick,  and  by  their  direction 
mark  the  confluence  in  this  quarter  of  the  south-westerly  flow  of  the  leeside 
of  the  Island  with  the  main  south-south-easterly  current  of  the  ice  sheet, 
some  surfaces  showing  one  direction  and  some  the  other,  while  a  few  have 
been  successively  scored  by  both  streams. 


1  See  Gumming,  Home,  Kendall,  Hewitt,  op.  cit.  Gumming  also  dis- 
cussed and  figured  the  section  in  his  paper  *^0n  the  Superior  limits  of  the 
Glacial  Deposits  of  the  Isle  of  Man."  Quart  Journ.  Qeol.  Soc,  vol.  x 
(1854)  p.  213. 

=*  Proc.  Liverpool  Geol.  Soc.,  voL  v.  (1888)  p.  366. 
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Interior  of  Southern  Diviiion. 

N  Mkay      In  entering  Glen  Me^y  from  the  west  coast  we  pass  at  firat  through  & 
Glen     deep  post-glacial  ravine  with  craggy  walls  of  slate  (p.  1481  but  in  the  wider 

HEX.  valley  above  the  bridge  carrying  the  Dalby  highroad  we  nnd  banks  of  slaty 
till  on  both  sides  and  a  small  alluvial  flat  in  the  bottom.  Similar  drift 
extends  up  the  little  tributary  glen  on  the  south,  but  dwindles  and  dis- 
apiHjars  from  the  main  valley  until  we  reach  its  sharp  southerly  Ijend  and 
enter  the  part  known  as  Glen  Kushen.  In  the  gully  of  Glen  Doo  (Sh.  12), 
a  small  tributary  which  falls  into  the  main  valley  at  the  bend,  there  are 
several  l>oulders  of  Foxdale  Granite,  and  several  more  are  seen  in  the  bed 
of  the  main  stream  in  this  vicinity,  whither  they  may  have  been  carried  bv 
floods.  The  wet  moorland  sloping  up  east  of  Cileii  Ku.shen  to  South 
Barrule  and  northward  to  the  rim  of  Foxdale  is  overspread  by  a  fairly 
continuous  sheet  of  rubbly  local  drift,  with  a  base  of  hard  slaty  till  in  the 
holloi^'s.  This  has  been  denudecl  away  from  the  bottom  of  the  niain  valley 
except  around  the  head- waters  W.  of  the  mountain-road  to  Dal  by,  but  is 
exposeti  in  the  gullies  of  the  numerous  small  feeders.  In  one  of  these,  on 
the  S.W.  side  of  the  old  Beckwith  Mines,  there  is  an  interesting  section 
showing  grey  till,  30  feet  thick,  banked  against  a  little  cliff  of  slate,  pnv 
bably  the  wall  of  a  buried  preglacial  ravine.  In  a  lower  part  of  the  same 
gully  we  fijul  20  feet  of  grey  clavey  till  with  blocks  of  slate  and  quarts, 
overlain  by  15  feet  of  gravelly  till  of  similar  derivation  ;  and  this  may  1« 
taken  as  a  typical  section  of  the  local  hill-drift.  As  described  in  a  previous 
chapter,  boulders  of  Foxdale  Granite  are  thinly  sprinkled  over  the  surface 
of  tjv*  moorland  as  far  north  as  the  head  of  the  streams  descending  into 
Foxaale  from  Kerroodhoo,  and  southward  and  south-west wMti  to  the 
summits  of  South  Barrule  and  CVonk  ny  Arrey  Lhaa.  None  were  noticed 
on  Dalby  Mountain,  west  of  Glen  Ilushen  ;  the  rounded  summit  of  this 
hill  airries  a  little  slaty  rubble  with  occasional  foreign  i)ebbled,  too  thin  to 
map  iis  drift  :  while  its  steep  sloi)es,  lx)th  east  and  west,  are  of  bare  slate. 

Crossing  the  well-glaciated  ridge  of  South  Barrule  (See  List  of  Stria, 
J).  477),  and  passing  around  the  head  of  Foxdale  north  of  Granite  Mountain, 
to  the  watershed  of  the  Island,  we  reach  the  source  of  San  ton  River  in  a 
LEY     OK  l*^^^^y  hollow  at  470  feet  above  O.l).     Of  this  hollow,  advantage  has  l»eeu 
TON  Riv  ^^^^^  *'*^  *^  construction  of  dams  for  the  Foxdale  Mines.     To  thenorth- 
*  eastward  of  it  there  lies  the  previously-described  rising  ground  of  Atrknl- 
kujan^   witli   its  train  of  foreign  boulders.     For  nearly  the  whole  of  its 
length  the  San  ton  River  flows  southward  in  the  middle  of  a  broad  drift- 
mantled  depression   with  gentle  sloi^es,  differing  greatly  from  the  deep 


craggy  rock-walls,    the  drift  which  covers  the  depression  is  for  the  most 
part  a  clayey  till,  best  seen  in  the  eastern  bank  above  and  below  ^luUenar- 
agher(Sh.  13)  and  in  the  railway-cutting  west  of  Santon  Station  ;  and  is 
mainly  composed  of  local  detritus,  but  to  the  southward  of  Pallacorris  eon- 
tains  a  few  foreign  stones,  probably  brought  over  the  water.shed  in  the 
ArchallaKiin  train  of  extra-insular  material.     South  of  the  Foxdale  Granite 
outc'np,  boulders  of  that  rock  are  very  numerous  on  the  western  slope  of  the 
valley ;  but  on  the  eastern  slope  are  of  rare  occurrence  until  we  i>ass  Halla- 
nicholas,  south  of  which  they  are  spread  in  limited  numbers  over  the  drift- 
covcreil  ground  eastward  into  the  drainage  basin  of  Glen  Grenaugh.    A 
single  boulder  of  this  granite  was  noticed  still  farther  east,  in  the  valley  of 
a  feeder  of  the  Crofffja  Elver  000  yards  due  west  of  Southanii)ton,  undir 
circumstances  thiit  did  not  suggest  artificial  transit  though  not  actually  tlis- 
pro\'ing  it.     That  the  transport  of  this  block  may  have  been  natural  is 
renden^d  the  less  unlikely  by  the  presence  of  l>oulders  of  the  granite  m 
thp  beacn  at  Port  Soderick  at  the  mouth  of  the  Crotrgti  River,  which  lib- 
those   in    Port  Cirenaugii  have  ji-obably  been  swept  down  from  the  uM»er 
reaches  of  the  viilley  by  flixHl  waters  at  the  melting  f)f  the  ice. 

The  drift  of  the  iu>per  basins  of  the  Cirenaugh  and    Crogga    River 
eseml)lea  that  of  the  Santon  valley,  and  needs  no  special  description.    Th 
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deep  dry  ^len  curiously  excavated  through  a  spur  of  slate-rock  at  Cro<^a, 
through  which  the  railway  jiasses,  has  alreany  been  mentioned  (p.  170) 
as  perha|w  indicating  a  late-glacial  tlwKi-outlet  from  the  upper  part  of  the 
iSanton  basin  when  the  mouth  of  that  ba.sin  was  still  blocked  by  drift  or  by 
ice.  Tlie  probable  position  of  the  pre-glacial  channel  of  the  San  ton  has 
also  been  pointed  out  in  the  coast-section  (p.  402).  The  undulating  plateau 
between  Crogga  Glen  and  Port  Grenaugb,  forming  the  interior  of  Santon 
Head,  is  more  or  less  drift-mantled  nearly  up  to  the  coast,  as  is  well  shown 
in  the  railway-cuttings.  In  the  cutting  250  yards  S.W.  of  Ballaquiggin 
(Sh.  17),  a  5-ft.  boulder  of  Foxdale  Granite  is  seen  embwlded  in  till  ;  but 
the  most  plentiful  boulders  in  this  tract  are  those  derived  from  the 
adjacent  outcrop  of  the  Oatland  Granitite  (p.  185),  a  well-marked  train 
streaming  off  from  this  small  bos.s  southward  and  south-westward  towards 
Seafield  and  Ballavar. 

The  Awin  Rut/,  a  stream  joining  the  8ilverbum  at  Ballasalla,  has  its  St.  Marb 
source  on  the    western    side    of    Granit«    Mountain    in    a    bogg>'    col,  and 
corresponding  to  that  of  the  Santon  River    on  the  eastern    side  ;  and  Awin  Ru 
maintains  a  course  strictly  parallel  to  that  river  even  in  its  easterly  curve,  valley. 
The  ground    intervening    oetween    them,    about    a    mile    in    \\idth,    is 
comparatively    low,    and    is    for    the    most    y»art    drift-covered,    though 
occasionally  too  thinly  so  to  be  shown  on  the  map.    The  same  drift-sheet, 
everywhere  charactensed  V)y  the  abundance  of  Foxdale  Granite  boulders, 
extends  westward   under  the  above  conditions   into  the  drainage  area  of 
AtPtn  ny  Reaah,  and  thence  into  the  main  basin  of  the  Silverbum,  reaching 
northward  to  the  slojjes  of  South  liarrule  and  southward  to  the  gravels  and 
alluvium  of  the  low  ground  near  the  coast.      Gumming  mentions*   that 
close  by  the  JSIac^  #ort  at  St.  Marks  there  formerly  stood  a  famous  granite 
boulder,  broken  up  however  before  he  wrote,  weighing  between  20  and  30 
tons,  known  by  the  name  of  Goddard-C-ro van's  stone,  which  was  thrown, 
according  to  an  old  Manx  legend,  by  the  hero  of  that  name  from  the  top  of 
South  Barrule  at  his  termagant  \*'ife  who  was  rating  him  loudly  at  what 
she  considered  the  safe  distance  of  over  two  milps.    A  fine  block  of  Foxdale 
Granite,  broken  by  blasting,  but  originally  measuring  10  feet  by   7    feet 
by  6  feet,  lies  at  the  fork  of  Awin  ny  Rmsh  at  Moaney  Mooar. 

At  Gibdale  near  the  head  of  Awin  Rut/  thei-e  is  a  small  imtch  of  sand 
and  slaty  gravel  with  a  few  foreign  pebbles,  including  flint,  red  sandstone, 
etc. ;  and  similar  patches,  though  apparently  with  local  |)ebbles  only,  occur 
on  l)oth  sides  of  the  Silverbum  valley  near  Ballagilbert.  Elsewhere  the 
prevalent  drift  is  firm  slaty  till  where  thick,  and  clayey  rubble  where 
thin,  or  the  two  in  combination.  In  many  places,  on  the  flatter  portions  of 
the  sloi)es  of  the  broader  parts  of  the  valleys,  tne  drift  has  a  sui)erficial 
covering  of  *  Colby  Wash  (see  p.  453),  which  in  some  cases  ai)parently 
marks  the  site  of  small  seasonal  water-jwols  at  the  final  stages  of  the 
glacial  period.  Amcmg  other  localities,  strips  of  this  *  wash '  occur  towards 
the  head  of  the  Santon  valley  •  to  the  W.  of  it  between  Shen valley  and 
Ballavarvane ; ''  in  the  Aunn  Ruy  basin,  N.W.  of  St.  Marks;  farther  S., 
iround  Ch/-na-niorui  (Sh.  12),  4  mile  S.  of  Ballamodha  Mooar ;  towards  the 
head  of  Anw  ny  Reash  ;  and  \V.  of  the  Silverbum,  i  mile  N.  of 
Ballavarkish.  The  presence  of  a  larger  tract  of  similar  material  in  the 
hollow  at  the  foot  of  the  hills,  S.W.  of  Arbory,  has  l>een  discusse<l  in  the 
[»receding  cha])ter  (p.  413). 

Half  a  mile  below  St.  Marks  the  Awin  Kuy  is  bordered  on  both  sides  for 
several  hundred  yards  by  curious  hillocks  and  ridges  of  slate  20  tc»  30  feet 
high,  due  to  accidents  of  erosion,  the  stream  having  lost  its  preglacial 
channel  here  and  from  time  to  time  shifted  it.s  position  in  seeking  the 
readiest  paasage  across  the  flat  barrier  of  rock.  Such  alterations  of  the 
stream-courses,  of  which  we  have  previously  noticed  many  instances  in  the 


»  "  Isle  of  Man,"  p.  171 

2  Spelt  Ballavarane,  on  one-inch  map. 
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Manx  valleys,  are  characteristic  of  drainage-waters  subject  to  great  seasonal 
fluctuations.  In  the  Isle  of  Man  they  may  be  assigned  to  the  period  when 
the  surface-flow  was  stopped  by  frost  during  the  winter,  but  became  very 
copious  during  the  melting  of  the  snow  in  the  spring  and  early  summer. 
Another  (KK^uliar  effect  of  post-glacial  erosion  is  exemplified  at  the  head  of 
SiLVERBURN  ^^^  Silverburn  basin,  where  pre-glacial  ravines  filled  in  with  drift  have 
itASiN.  heen  re-excavated  witn  double  channels,  either  by  twin  streams  or  by  & 

single  stream  alternately  attacking  the  slopes  on  the  opposite  aides  of  tlie 
valley  and  sinkiiig  down  into  the  drift  on  both  sides  of  the  buried 
rock-channel,  leaving  a  narrow  interru{>ted  ndge  of  drift  to  separate  the 
twin  gullet's.  These  conditions  are  found  near  the  head  of  the  main  stresm 
in  the  dnft-fiUed  col  between  South  Barrule  and  Cronk  Fedjas;  and 
slightly  differently  at  the  head  of  Glion  Cam,  a  mile  farther  east.  In  both 
places  erosion  is  now  at  a  standstill  and  the  banks  and  bottoms  of  the 
valleys  overgrown  ^ith  vegetation.  This  peculiarity  is  repeated  in  varioiu 
stages  of  development  in  other  parts  of  the  Island.  It  exists  on  a  more 
extensive  scale  in  the  re-excavated  drift-filled  valleys  of  north-east 
Yorkshire,  as  described  some  years  ago  by  my  coUeague  Air.  G.  Bjutow.' 

Around  the  head  of  the  Silverburn  and  its  tributaries  the  upward  limit  of 
the  drift  deposits  is  ill-defined,  the  boulder-clay  fading  off  on  the  hi^er 
sloixjs  into  thin  sheets  and  hillocks  of  sub-angular  bouldery  rubble,  with 
only  a  few  scratched  stones.  Striated  rock-surfaces  are  fairlv  numerous  on 
the  surrounding  watershed.  In  the  lower  part  of  the  valley  there  are 
several  good  ex^wsures  of  slaty  till  in  the  river-banks,  es^iecially  between 
Rallacannell  and  Grenaby.  One  of  these,  south  of  Grenaby  Farm,  has  been 
described  and  figured  by  Mr.  Home  i'-^  it  shows,  at  the  base,  30  ft.  of  hard  grey 
till  with  insular  stones,  including  Foxdale  Granite ;  overlain  by  1  to  2  ft 
of  stratified  silt  and  fine  gravel,  with  a  capping  of  stony  clay.  Fartli^ 
south,  where  it  extends  over  the  Carboniferous  rocks,  the  drift  becomes 
redder  from  the  intermingled  detritus  of  the  Basement  (llon^lomerate, 
changing  afterwards  to  dark  bluish-grey  as  the  debris  of  the  dark  ahaly 
limestone  attains  prominence.  These  local  changes  in  the  colour  of  the 
boulder-clay  were  admirably  described  and  interpreted  by  Gunmiin^  in 
1845.' 
Colby  The  drift  around  the  sources  of  the  CJolby  and  its  branches  resembles  in 

River.  all  i»oints  that  of  the  Silverburn  valley  and  needs  no  special  description. 

One  exposure  however  deserves  passing  notice,  as  showing  how  a  de- 
ceptive appearance  of  subaerial  weathering  may  be  produced  on  a  surface 
between  two  masses  of  till.  The  section  in  question  occurs  in  a  side-gull? 
which  joins  the  Colby  River  on  the  E.  just  below  the  waterworks  reservoir 
near  its  source.  It  reveals  20  feet  of  slaty  till,  blue  above  and  below,  Imt 
with  a  narrow  band  of  red  decomposed  earthy  material  in  the  middle  of 
the  section.  When  traced  up  the  gully,  this  red  band  is  found  to  spring 
from  a  decomposed  ochreous  seam  in  the  solid  slates,  possibly  one  w 
the  crushed  schistose  diabase-dykes  so  numerous  in  these  rocks  (p.  306). 
Hence  the  decomposition  is  pre-glacial,  although  the  weathered  materia 
has  been  streaked  out  into  the  mass  of  un weathered  till.  Weathered 
surfaces  lietwecn  two  l)oulder-clays  are  sometimes  adduced  as  sufficient 
evidence  for  an  inter-glacial  period,  and  it  is  therefore  advisable  to  point 
out  a  case  (A  this  kind  in  which  such  a  conclusion  would  be  erroneous. 

Low-level  Drifts  of  the  Southern  Basin. 

Tlie  strip  of  ground  between  the  coast  and  the  main-road  from  Ballasalk 
to  Port  St.  Mary  forms  a  low- lying  tract  in  which  many  of  the  features  of 
the  drift-plain  of  the  North  are  reproduced  on  a  smaller  scale. 


*  Mem.  Geol.  Survey  ;  North  Cleveland,  p.  69. 

2  Op.  cit,  pp.  19-20. 

•^  Quart.  Joum.  Geol.  Soc.,  voL  ii.,  p.  339. 
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As  in  the  latter  tract,  we  find  gently  sloping  platforms  of  gravel  spreading 
out  around  the  mouths  of  the  ])rincipal  streams,  and  enclosing  alluvial 
hollows  which  have  fonned  shallow  lakelets  or  tlood  basins  until  drained 
by  artificial  means.  It  seems  probable  that,  like  the  Northern  Curragh, 
the  whole  of  this  area  has  been  occupied  by  a  fresh-water  lake  during  tlie 
closing  stages  of  the  Glacial  i)erioa,  held  in  on  the  south  either  by  the 
receding  ice-sheet  or  by  higher  drift-ground  since  removed  by  the  sea.  It 
dififers  however  from  the  northern  tract  by  including  a  few  sn)all  islands  of 
solid  rock  which  rise  al)ove  the  superficial  deposits,  and  by  the  more  gentle 
slope  of  the  drift-covered  hills  l)Ounding  it  to  the  northward. 

The  most  easterly  i)ortion  of  the  gravel-platform  extends  from  the  coast  Low 
north  of  Derbyhaven  up  to  the  Silverburn  S.  of  Ballasalla,  falling  gently  ground 
southward,  from  70  to  80  feet  above  O.D.  between  Cregcans  and  Ballahick  around 
to  30  to  40  feet  near  the  coast.    It  is  interrupted  by  tne  shallow  stream-  ^astle- 
channel  descending  from  a  small  flood-lMwin  near  mllahick,  and  by  the  '^^^^• 
clayey  mound  of  Creggans    Hill.     Gumming  believed  this  hill  and  the    i     .- 
similar  rise  known  as  Ski/&right  Hill  (Sh.  16)  near  St.  Lupus  (Malew) 
Church  to  be  composed  entirely  of  drift,^  in  which  case  they  might  be 
described  as  *drumlins;'  but  m  both  places  there  is  evidence  tending 
to  show  that  the  knolls  have  a  solid   core   of    limestone,  ui>on    which 
boulder-clay  is  moulded.    In  a  small  excavation  adjoining  the  railway,  on 
the  western  side  of  Creggans  Hill,  a  striated  floor  of  limestone  is  revealed, 
underlying  till.    The  Silverburn  flows  thnmgh  a  shallow  depression  in  the 
gravel-flat,  which  is  margined  in  places  by  slight  terraces  probably  dating 
back  to  early  Post-glacial  times.     Cumming  notices  the  discovery  of  elk- 
remains  in  one  of  these,  as  ureviously  mentioned  (p.  386). 

West  of  the  Silverburn  tne  platform  extends  up  to  an  alluvial  hollow 
S.  of  Rillown  Mooar  (p.  412),  but  in  places  there  seems  scarcely  sufficient 
gravel  ujjon  it  to  cover  the  subjacent  boulder-clay.  An  excellent  section  is 
exposed  in  it  by  the  rail  way -cutting  W.  of  Castletown,  which  reveals  at  the 
western  end  strongly  current-l^edded  gravel  10  to  20  feet  thick,  resting  farther 
E.  on  contorted  clayey  sand  with  a  lew^  pebbles  and  bl()cks  of  limestone, 
some  scratched,  up  to  1  foot  in  diameter.  This  sand  rises  higher  in  the  section 
eastward,  and  appears  to  j)ass  into  tough  till  with  large  glaciated  boulders 
of  limestone  ;  but,  in  1892,  this  j)art  of  the  cutting  was  grassy  and  obscure. 
The  gravel  consists  largely  of  limestone,  both  rounded  and  subangular  ; 
with  some  grit,  greenstone,  quartz,  etc.  from  the  Manx  slates ;  and  flinty 
porphyrite,  etc.  foreign  to  the  Island.  It  also  contains  a  few  small 
sheli-fragments,  and  some  of  the  limestone-blocks  show  Pholas  and  C/iona- 
boriugs.      From    its    coinix)sition   and  relation  to  the  boulder-clay,  this 

Sortion  of  the  gravel  is  clearly  of  glacial  origin,  and  not  merely  a  delta  of 
ood-gravel  washed  down  by  the  Silverburn. 

We  were  informed  that  a  well  at  the  hotel  at  Castletown  Station  was  sunk 
through  the  drifts  for  45  feet,  and  obtained  an  artesian  flow  at  that  depth, 
below  boulder-clay,  from  a  shingly  bed  resting  on  the  top  of  the  limestone. 

West  of  the  above-mentioned  alluvial  hollow  the  limestone,  enwrapi)ed 
by  till,  rises  into  the  hummocky  ridge  of  Cronkdarragh  and  Balladoole.  A 
lenticular  mound  of  limestone-gravel,  known  as  Cross  Welkin  HilL 
prolmbly  resting  for  the  most  i>art  on  bare  limestone,  forms  the  summit  of 
the  ridge  at  about  90  feet  above  O.D. 

The  difficulty  in  respect  to  the  conii)osition  of  the  low-^ing  and  partly  ^^^ 
alluvial  tract  south  of  Arl)ory  (otherwise  known  as  Ballahe<f)  and  Colby  has  a«"  ^^" 
been  discus.sed  in  the  preceding  chapter  (p.  413).  That  the  northern  slopes 
of  this  low  ground  are  deeply  mantled  with  boulder-clay  is  shown  by  the 
railway-cuttings  west  of  Balla/jef/  Station  ;  and  that  similar  material 
probably  covers  most  of  the  rising  ground  on  its  southern  margin  is 
indicated  by  the  charaot^-r  of  the  cliff-sections  between  Stmndhall  and 
Kentraugh.  A  well  at  the  school  at  Arbory,  44  feet  deep,  is  rejwrted  to 
have  massed  through  l>oulder-olay  into  slate-rubble  (*'  lotten  callis'*)- 
Moundy  patches  of  coarse  slaty  gravel  border  both  sides  ot  the  tongue  of 
alluvium  at  Arbory  ;  and  a  similar  patch  occurs  a  little  to  the  east  of 


1  "  Isle  of  Man,"  pp.  52-M, 
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Colby,  where  it  foniis  definite  banks  at  the  margin  of  the  hollow  ;  while  at 
the  mouth  of  Colby  Glen  there  is  a  spread  of  gravel  which  i»  probably  a 
late-glacial  flood-delta. 

West  of  the  Colby  dei>re88ion  we  again  find  a  nearly  level  tract  of  drift- 
er vel  between  the  hills  and  the  south  coast,  usually  at  an  elevation  of 
from  60  to  80  feet  above  sea-level.    This  platform  extends  from  Colby  to 
Port  St.  Mary,  and  thence  through  the  broad  depression  between  the  i^late 
hills  to  Port  Erin,  while  an  arm  runs  up  northward  nast  Trinity  Church 
towards  the  head  of  the  Flesh^^ick  gap  (p.  461).    It  nas  preWously  l*en 
mentioned  that  the  gravel  may  possibly  represent  a  *kame-delta'  spreui 
out  by    waters  draining  from  the  ice  through  this  gap  (p.  371).    The 
j>atches  of  alluvium  which  break  its  surface  need  no  further  description 
than  that  already  given  (pp.  412-5).  The  slopes  rising  from  the  platform  are 
for  the  most  i)art  thinly  overspread  with  boulder-clay,  with  bare  slate-rock 
croi»ping  out  on  their  upi)er  portion. 
LL  Hill       The  little  detached  tract  of  hilly  ground  lying  to  the  south  of  the  gravd 
flat,  and  forming  the  south-western  extremity  of  the  island,  has  a  few 
limited  jtatches  of  slaty  drift  in  its  hollows  and  glacial  strise  m  places  on 
it«  summits  (p.  479),  but  with  no  features  calling  for  further  remark 

The  Calf  of  Man. 

The  drift-deposits  of  The  Calf  are  practically  limited  to  a  few  patches  of 
clayey  and  gravelly  rubble  in  hollows  of  the  slate,  with  a  single  gravel- 
mound  in  an  exposed  position  at  about  300  feet  above  O.D.  on  its  north- 
eastern sloiKj.  The  presence  elsewhere  of  a  sprinkling  of  drift-stones,  in- 
cluding Foxdale  Granite  and  a  few  extra-insular  rocks  ;  and  of  smoothed 
rock-surfacesoccasionally  showing  scratchesdirected  towards  S.S.E. ;  complete 
the  proof  of  its  glaciation.  The  drift  touches  the  coa.st  only  in  the  recess 
of  narick  (Sh.  18)  at  The  Puddle,  where  10  to  20  feet  of  clayey  gravel  and 
till  are  exjKxsed,  and  at  the  heads  of  gullies  at  Ghaw  Lanq  and  GibbdaleBay 
where  there  is  a  little  till.  The  largest  patch  of  (irift  underlies  the 
enclosed  and  cultivated  land  in  the  depression  south  of  the  farmstead.  The 
isolated  ^p^vel-mound  mentioned  above,  into  which  a  small  pit  has  been 
ojiened,  lies  650  yards  E.N.E.  of  the  farm  buildings,  in  his  iia|>er  "On  the 
(ieology  of  the  Calf  of  Man," '  Cumming  made  especial  reieren(^  to  this 
gravel  and  figured  a  section  across  it.  As  it  was  much  better  exjKised  at 
that  time  than  now,  the  following  passages  are  nuoted  from  his  descri|>- 
tion  :— "The  mass  itself  (which  is  about  13  feet  tnick  and  50  feet  acnKs 
in  each  direction)  consists  of  boulders,  gravel  and  sand.  The  sand  i* 
chiefly  at  the  base  of  the  fonnation,  and  in  it  occur  a  few  lobbies  and 
laniinaj  of  fine  gravel.  As  we  ascend,  the  size  of  the  fragments  of  rock 
increases  ;  we  have  a  bed  of  fine,  then  of  coarse  gravel,  and  the  upper- 
most i>ortion  consists  generally  of  large  rounded  pebbles  with  good-sized 
boulders  which  are  scratched  and  grooved.  Mast  if  not  all  the  rocks  are 
foreign.  There  are  not  any  which  the  author  can  certainly  claim  as  belong- 
ing to  this  locAlity.^  There  are  red  and  grey  svenites,  porphyries,  granitesi, 
grit  and  sandstone,   either   from   Cumberland  or  the  south  of  Scotland^ 


boulders  and  gravel.  .  .  .It  will  be  observed  that  the  stratification  or 
nuasi-stratification  is  not  horizontal  ;  it  seems,  in  fact,  to  follow  in  general 
tiie  outline  of  the  surface  of  the  hillock  itself,  and  to  consist  of  concentric 
layers  forming  a  semi-elli|Ksoidal  mass." 


'  Quart  Jouni.  Geol.  Soc,  vol.  iii.  ^84 7),  i)p.  179-185. 

2  This  passage  probably  refers  to  the  lower  jwrtion  of  the  gravel:,-  at  any 
rate,  in  the  uppermost  part  to  a  depth  of  4  to  6  feet,  which  w^as/all  that 
was  exposed  at  the  time  of  the  present  survey  in  1892,  subangular  fragments 
of  slate  constituted  the  larger  proportion  of  the  deposit. 
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List  of  Shells  i-tiom  the  Glacial  Detosits  of  the  Isle  of 

Man. 

Reproduced  with  some  (tdditions  and  alterations  from  Mr, 
P.  F,  KendalVs  list  in  "  Yn  Lioar  Manninxigh"  vol.  t.,  Ko.  12 
(Oct.  1894),  pp.  416-418. 

JVbte.— Mr.  Kendall's  suecimens  were  obtained  chiefly  from  the  cliffs  of 
the  east  coast  north  of  Kamsey  and  of  the  west  coast  north  of  Peel ;  his 
tables  state  the  local  distribution  under  the  following  headings  :— Boulder 
day,  Lower  Mooragh  (North  Kanisey) ;  Mooragh  Sand ;  Boulder  Clay, 
Upper  Mooragh :  Snellag  (Point  Cranstal)  Sand ;  Shellag  Clay ;  Glen 
"Wyilin  :  and  Cliffs  north  of  Peel.  The  relationship  to  the  existing  faima 
is  also  snown  in  columns  marked  "Northern,"  "Recent  British,"  "Southern," 
and  "  Extinct."  It  has  not  been  thought  necessary  to  reproduce  these  par- 
ticulars in  the  present  list,  but  the  locality  is  stated  where  an  addition  is 
made  to  Mr.  KendalPs  list  The  following  species  given  by  Mr.  Kendall  on 
tiie  authority  of  Cumming  and  Forbes,  and  apparently  not  since  verified 
have  been  omitted,  as  most  may  be  only  synonyms  :—Cardmm  laevigatum^ 
L.,  AstarU  danmoniensisy  Lamk. :  A,  pisiformis.  S.  V.  Wood ;  '  Venv^ 
ffcUlina,  L. J  Buccinum  ciliatuny,  F abr. ;  Fvsils  Sabiniy  Gray  ;  Balantis 
eommunts,  Pult.;  B,  uddevallensisy  L. 

The  species  in  italics  are  our  additions  to  the  list.  The  prefixed  asterisk 
indicates  that  the  determination  has  been  verified  in  the  palaeontological 
department  of  the  Survey,  either  from  specimens  obtained  during  the 
survey,  or  from  the  large  collection  placed  at  our  service  by  Rev.  S.  N. 
Harrison,  of  Ramsey,  to  whom  our  best  thanks  are  due  for  the  loan  and 
gift  of  specimens.  Wie  species  from  Mr.  Harrison's  collection  are  denoted 
by  the  letters  S.  N.  H. 

[PoBTSCRiPT. — While  this  memoir  was  in  the  press,  a  list  of  the  Foramin- 
ifera  of  the  glacial  clav  at  Shellag  (Cranstal)  nas  been  jmblished  by  Mr. 
Joseph  Wright,  in  which  72  species  are  recorded.  See  Yn  Lioar 
Mannmaghy  vol.  iii.  (1902)  pp.  627-629.] 

CIRRIPEDIA. 

^Balanus  crenatus,  Brug.  From  shelly  drift  at  depth  of 
228  to  240  feet  in  No.  6  boring.  Point 
of  Ayre,  see  p.  342. 

^Balanus  Hameri,  Ascan.     From  shelly  drift  at  depth 
of  228  to  240  feet  in    No.  6  boring,  Point  of 
Ayre,  see  p.  342. 
Balanus  porcatus,  Da  Costa 

POLYZOA. 

Eschara,  sp. 
LepraJia,  sp. 

BRA(^HIOPODA. 

^Rhynclumellu  psittacea,  Chemn.  From  shelly  drift 
at  depth  of  228  to  240  feet  in  No.  6  boring, 
Point  of  Ayre,  sec  p.  342. 

L4MELLIBRANCHIATA. 

♦Anomia  ephippium,  L, 

Area  lactea,  L. 

Artemis  exoleta,  L, 
♦Astarte  borealis,  Clieinn,    (Fig.  80,  p.  336). 

♦  compressa,  Mont, 

♦  sulcata  var.  elliptica,  Broxon 
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Astarte    sp.  ("  a  small  species  with  concentric  gn 
and  a  rounded  form,  very  like  the  siib-j 
Woodia,  but  not  agreeing  with  W.  dijptj 
P.  F.  K.). 
Cardium  echinatum,  Z. 

edule,  Z. 

♦ grceiilandicwm,  Chemn.  Point  Cranstal,S. 

norv^cum,  Speng, 

*Corbula  ^bba,  Olivi 
*Cyprina  islandica.  L, 

Donax,  sp. 

Glycim'ens  (Panop»a)  norvepca,  Speng. 

Lutraria,  sp. 
*Mactra  solida,  L, 

subtruncata,  DaCoata 

^Modiolii  irwdwluB  ?iL.     Point  Cranstal.  S.  N.  H. 

Mya  arenaria,  L, 

truncala,  L. 

var.  uddevallensis,  Smith 

♦Mytilus  edulis,  L. 

Nucula  nucleus,  L. 

Nuculana  (Yoldia)  pygmrea,  Milnst  ("  in  Forbes's 
Leda  py^jea,  Gddfr  P.F.K.). 

(Area)  mmuta  var  tumida,  H,  P,  C.  i 

("in    Forbes's   list  as    Leda  ini 
P.F.K.). 

pemula,   0.  F,  Miiller  ("in  Fc 

list  as  Leda  rostrata,  Lanik"  P.F.K. ). 
♦Ostrea  edulis,  L. 
*Pecten  maximus,  L. 

opercularis,  Z. 

*Pectuncidus(Axinea)glycimeris,  L. 

Pholas  crispata,  L. 
♦Psammobia  fcrroensis.  Chemn.  Point  Cranstal,  S. 

Saxicava  arctica,  L. 

♦  rugosa,  L. 

♦Tapes,  sp.     Point  Cranstal,  S.  N.  H.     (Kendall  n 
Tapes  decussatus,     Z.,    but  on  authori 
Gumming). 
♦Tellina  balthica,  Z. 

calcarea,  Cliemn, 

Venus  casina,  Z. 

SCAPHOPODA. 

Dentalium  abyssorum,  Sars 
* entttlis,  Z. 

GASTEROPODA. 

Acmsea  (Patella)  virginea,  Z. 
*Admete  viridula,  Falyr. 

Aporrhais  (Chenopus)  pes-pelicani,  Z. 
♦Buccinum  imdatum,  Z. 


Glacial  Shells.  475 

*Bucciniim     undatum    var.    tenerum,     Sow.        Point 
Cranatal,  S.  N.  H. 
Bulla  ?  ("  fragmentary  shell  belonging  to   the  BuUidK." 
P.F.K.). 
♦Columbella  sulcata,  Sow. 

(Mitrella)  sp. 

♦Cyprsea  (Trivia)  europsea,  Mont 
♦Fusus  Forbesi,  StricJd.     (Fi^.  84,  p.  336). 

♦ cf.   lonairoster,  Brocchi    (Fig.  85,  p.  336).     Point 

Cranstal,  S.  N.  H. 
♦Lacuna  divaricata,  Fabr. 
Littorina  litorea,  L. 

obtusata,  L. 

*Murex  erinaceus,  L. 

♦  tortuo8U8,  Sow.     Point  Cranstal,  S.  N.  H. 

*Na8sa  incrassata,  Mull. 

♦ Kermodei,  P.  F.  Kendall    (Fig  83,  p.  336). 

♦ monensis,  Forbes  (Fig.  82,  p.  336). 

reticulata,  L. 

♦ serrata,    Brocchi  ("  =   N.   reticosa,  Sow  =   N. 

pUocena.  Strickl."  P.  F.  K.).    (Fig.  81.  p.  336). 
*Natica  ACderi,  Forbes 

♦  clausa,  Brod.  and  Soiv. 

♦  groenlandica.  Beck 

monilifera,  Lamk. 

♦Patella  vulgata,  L. 

Pleurotoma  Isevigata,  Phil. 
pyramidalis,  Strom. 

tiuricula,  Brocchi 

Puncturella  (Cemoria)  noachina,  L. 

♦Purpura  lapillus,  L. 

Rissoa,  sp. 
♦Trichotropis  borealis,  Brod.  and  Sow. 

Trochus,  sp. 
*Trophon  antiquus,  L. 

var.  contrarius,  Gmel. 

♦ bamffius,  Don.     From   No.  6  boring  at  Point 

.JM  a  ^  ^  sm  _     .—     .^  .^       ^      .a.  ^tt  «1 


of  Ayre,  at  depth  of  228  to  240  feet ;  and 

in  S.  N.  H.'s  coll.,  from  Point  Cranstal. 
clathratus,  L.    (Fig.  86,  p.  336). 
var.  GunneH,  Lovdn.    Point  Cranstal, 

S.  N.  H. 
♦ (Fusus)  Fabrici,  Beck  (  =  T.  craticulatus,  Fabr.). 

(Fig.  87,  p.  336).     Point  Cranstal,  S.  N.  H. 

♦  gracins,  DaCosta 

muricatuSy  Montagu    Point  Cranstal,  S.  N.  H. 
propinquus.  Aid.    Point  Cranstal,  S.  N.  H. 

♦  8p.  nov.    Point  Cranstal,  S.  N.  H. 

♦Turritella  terebra,  L 

♦  VoLuto-mitra  groBnlandiea,  Beck  ( =  Mitra,  sp.  P.F.K.). 

Point  Cranstal,  S.  N.  H. 
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List    of     glacially-striated    rock-surfaces    observed    ij 

THE  Isle  of  Man. 

The  place-names  in  italics  are  those  appearing  only  on  the  six 
inch  and  not  on  the  one-inch  map  of  the  Ordnance  Survey.  Tb 
list  is  arranged  in  the  order  of  the  six-inch  maps,  except  iu  twi 
or  three  cases  where  a  group  of  striae  would  be  dispersed  by  s trie 
adherence  to  this  rule. 


*  «  « 


•s 


Locality. 


Rock-inrface. 


I>irecti<Mi  of 
PrinciiMl  Striae. 


Sheet  5  ,  550yd8.*  £.  of  Park  Mooar  near  Ramsey  •  ,     qanrtx-vein 

,,       ,  Slieaii  Lewaigue^iOOyda.  W.  of  Lewaigue  Cottage  |    aheared  grit 


n 


Bhe«t  6 
Bhcei  7 


11 


Sheet  8 
bheet  7 


Road  200yda.  S.W.  of  Ballacreggan 

Maughold  Ilead,  480ydB.  N.  of  Church  > 

do.  850yds  B.N.E.  of  Church  • 

Cliff  at  unall  headland  N.  of  Ballanayre  Strand  • 
Olen    N.   of    Slieau   Dhoo,   450ydB.   S.S.B.   of 

Gleudhoo  Farm 
Cr^  Bein  on  N.  dope  of  Slieau  Monagh 

Snaefe'l ;  tramline  40ydB.  from  Summit  Station 


do.        N.  slope ;    tramline,    N.    10*   E.   of 

summit 
Snaefell ;   N.  slope ;     tramline,  ^.  S5*  E.     of 

summit 
Snaefell ;  W  slope  ;    tramlinC:  S.W.  of   summit 
do.        W.     slope ;     tramline,     S.8.W.     of 

summit 
Snaefell ;  N.E.  spur  ;  SfiOyds.  E.  of  Ramsey  road 
Mullagh   Ouyr  ;   near  summit,  70yd8.  S.W.  of 


aUte 

sandy  slate 

slaty  flaga 
striped  slate 

quartz-yein 

slaU 


n 


lag 
rail 


wall  across  mountain 
„       ,  Mullagh  Ouyr ;  near  summit,  IGQyds.  S.W.  of  ' 

wall  across  mountain 
„  Mullagh  Ouyr ;  near  summit,  170yds.  S.W.  of  i 

I       wall  across  mountain 
Sheet  8     Col  N.  of  Clagh  Ouyr,  20yds.  S.W.  of  wall  across 
'        mountain 
,         '  Same  ridge;  550yd8.  N.E.  of  wall  across  mountain  , 

a.  E.  I  ide  of  ridge,  .i.Wyds.  N.  W.  of  Pai  k  Lewellyn  ■ 

do.  ISOyds.  N.E.  of  last  • 

Hallasaig,  in  road  leading  to  School 

I 
do.        500ydi}.  E.N.E.  of  Magher-e-hreck 
Ballagurra  ;  roadside  400yds.  N.N.W.  of  hamlet 


CHIT,  S.  side  of  Qob  ny  Oarvalii 


quarts- vein 
ii 


M 


slate 


gritty  flags 


•  f 


>  ear  old  cottage,  SfiOyds.  S.E.  of  Trinity  Cliurch-       ilaggy  slate 
Laxey  Valley  ;  N.  slope  450yds.  N.E.  of  Laggan     quartz-veined 


II 
II 


Agneash 
Laxey  Valley ;    S.    slope ;    tramline  S.S.W.  of 

I^gan  Agneash 
Laxey    Valley ;   8.   slope ;    tramline  half    mile 
E.S.E.  of  last 

f^onk  y  Vaare  ;  summit 

I  do.  130yd8.  E.  of  last 

I 

I  do.  140yds.  E.S.E.  of  last  - 

B.  comer  of  coppice  800yds.  K.W.  of  Baljeau 


Sheet  11     Crag  in  Held  7007ds.  W.  of  Baljean 
Sheet   8     Slieau  Ruy  ;  450yds.  N.E.  of  summit 


M.  2(rB 
K-acrs. 

8.80*  w. 

S.  ICE. 

8. 
RICN. 
E.  SCS. 

8.  s(rs. 

8.  KTE. 


i( 


8.  26*  £. 

B.  45'E. 

F.  25'  S. 
a.  15'  S. 

8.  10*  E. 
8.  15*  W. 

8.  6'  W. 

8.  15'  W. 

8.  30=  E. 

8.  35'  E. 
E.30-35  A, 
crocsiugotben 

8  SO'E. 

S.  35'  E. 

8.  30'  E. 


falDt 

perfa^  €1 

Itlock 


TgladsL 
fglariiL 

see  p.  Ma 
aiidMlL 

alUtodeski 
tbsUil 
in  tbtl 
p.  S8L 


1 

'I 

i  '  altltadsi  I 
-  l,40Q(t  Si 


;  faint 


altitodd 

l,5iJ0*t 


J 


ofascure. 

alt»  UB  T€ 

(•C8.ie 


alsofabt 

iDiS(fl 

8.  30*  E.  good. 

8.  30-  E.  others  <* 

S.&.E. 
W.10-S.,croeB-  below  m 
hig  others 
lO'E. 
S.,  al»oS.E. 
8.  40'  E. 


/W.l 
{    lug 


■eep. 

•  gUdsL 


grit 
II 

gritty  flsgs 
quartz-vein 


ti 
•» 

quartz*  veined 

grit 

quartz-vein  in 

granite 


£.35''S. 

8.E. 

8.  40'  E. 
E.  35'  8. 

E.  3(rS. 

8.  25'  E.  and 

8.40*E. 

S  10'  £. 

S.£. 


f»int. 


goodexai 
ated^ 
faint, 
two  dire 


I  obecwf ; 
tade 


*  The  dLitances  have  been  measured  on  the  0>inch  field  maps. 
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Localitj-. 


Aock-surface. 


DirttJtion  of 
Principal  Striie. 


Bemarki. 


St.  Fatrick's  Isle  ;  N.  shore,  oatside  castle  wall 
do.  do.       east  side  of  prison  • 

Ulll,  170yds.  S.8.  W.  of  Corrlnt  Tower  • 
do.       iSQjrds.  9.S.W.  of  do. 

Head ;  cliff-top  ou  N.  side     • 


Small  quarrylOOjrds.  inland,  SOOjJs   S.  of  Traie 

Cabbiige 
Small  qauTj  east  side  of  strean  150yds.  K.E.  of 

Staarvey 
VIeld,  280yds.  S  E.  of  Lambfell  Mooar  • 
XMt  alope  of  Neb  Valley ;  olr  quarry  N.E.  of 

mined  brick-kilns  near  Beary 
IJow  crag  SSOyds.  E.  of  last 


do.     40yds.  £.  of  last 


ailaaa  WhnaUian  ;  near  crest,  170yds.  S.W.  of 

wall  across  mountain 
SUmn  Whnalllan  ;  near  crest,  180yds.  8.W.  of 

laat 
SUaaa  WhnaUian,  280yds.   S.W.   of  The  Cairn 
Fftolcogation  of  Slieau  Whnallian  ridge  ;  150yds. 

HT.W.  of  Carnagray 
Ploloogatio:!  of  Slieau  WhnaUian  ridge  :  SOOyds. 

a.wroflast 
ArekaUaaan  pUntation ;  gutter  200ydB.  S.E.  of 

Oomelly  Biines 
Small  qoarry  near  edge  of  moor  100yds.  E.  of 

Ballashimmin  enclosure 
Crags  S.  of  Colden  River,  SuOyds.  W.  of  con- 
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PART    III 


ECONOMIC   (;eology 


CHAPTER  XII. 


THE    METALLIFEROUS    VEINS   OF    THE    ISLAND. 

Historical  axd  Introductory. 

In  proportion  to  its  area  the  metalliferous  wealth  of  the  Isle 
of  Man  has  been  great.  Two  of  its  mines  have  stood,  for  a  long 
series  of  years,  in  the  first  rank  in  the  British  Islands  for  produc- 
tiveness, respectively,  of  silver-lead  and  of  zinc.  These  metals 
have  constituted  its  principal  riches,  but  copper-pyrites  and 
heuiatiie-iron  has  also  oeen  raised  in  marketable  quantity.  Of 
ores  of  nickel  and  antimony  only  minute  quantities  have  been 
found,  while  of  gold  the  reported  occurrences  are  not  well 
established  (p.  549). 

As  veins  vielding  traces  of  the  useful  metals  are  frequendy 
exposed  in  t^e  clitl-sections,  it  is  not  siu-prising  to  find  that  they 
attracted  attention  at  an  early  date,  ana  are  mentioned  in  the 
ancient  records  of  the  Island. 

The  great  lode  of  Bradda  Head  (see  p.  530),  with  its  gangue 
of  white  voin-<iuartz  cutting  vertically  through  the  clifis  of  dark 
slate,  .stands  up  so  conspicuously  when  viewea  either  from  bind 
or  sea  that  it  must  have  received  notice  as  soon '  as  this  part  of 
the  Island  became  known  to  men  acquainted  with  the  use  and 
mode  of  occurrence  of  its  metals. 

Hence,  so  far  back  as  history  goes  we  hear  of  this  lode  ;  and 
the  miners  of  later  days  have  found  workings  of  unknown  dat« 
in  which  the  ore  had  bcod  cxTictOvl  bv  in*  us  3  of  '  feather- 
wedges,'  a  method  abandoned  upon  the  introduction  of  gun- 
powder. ^  These  old  workings  have  been  vaguely  assigned  to 
"  the  Romans " ;  but  though  the  Island  was  known  to  that 
nation  the  absence  of  Roman  antiquities  renders  it  improbiiWe 
that  any  attempt  was  made  by  these  invaders  to  colonise  it. 


'  Cuinming,  "  Isle  of  Man,"  p.  30(J ;  also  Berger,  Trans.  GkoL  Soc,  vol.  ii- 
p.  51. 
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We  are  iniormed  by  Mr.  A.  W.  Moore,  the  historian  of  th 
Island,  that  in  the  course  of  his  researches^  he  finds  the  first 
mention  of  the  Manx  Mines  in  1246.  The  island  was  at  that 
time  still  under  the  dominance  of  Norway;  and  its  King,  Harald 
II,  granted  a  charter  by  which  the  monks  of  Fumess  Abbey 
obtained  the  right  to  work  the  mines.*  The  previous  existence 
of  the  mines  is  thus  distinctly  implied. 

Gumming  notes  that  *'  it  is  stated  in  Chaloner's  '  Caledonia ' 
(vol.  iii.,  p.  372^  that  John  Comyn,  Earl  of  Buchan,  obtained 
from  Edward  1.  a  license  to  dig  for  lead  in  the  Calf  of  Man  to 
cover  eight  towers  of  his  Castle  of  Cruggleton  in  Galloway.  In 
the  course  of  the  15th,  16th,  and  17th  centuries,  the  noble 
family  of  Stanley  appear  to  have  sought  for  copper  in  the  same 
neighbourhood ;  traces  of  their  labours  remain.  The  ore 
discovered,  though  not  abundant,  was  rich  in  quality,  producing 
sixpennyweights  of  copper  per  ounce  of  ore."  ^ 

From  Mr.  Moore's  researcnes  we  leam  that  in  1406  "  mines 
of  lead  and  iron  "  were  included  in  the  grant  of  the  Island  to 
Sir  John  Stanley  by  Henry  IV. ;  and  in  1422  it  was  ordered  that 
the  lord's  mine  should  bo  managed  by  his  "  Lieutenant, 
Receiver,  and  Comptroller,"*  who  had  to  see  that  the 
miners  did  their  duty.  In  the  middle  of  the  17th  century, 
Chaloner  mentions  that  Capt.  E.  Christian  found  the  Ore  of 
Lead  at  "  Mine-hough "  [Mine-howe  ?]  or  Bradda  Head  to 
contain  much  silver.*  After  the  Restoration,  mining  was 
prosecuted  more  systematically ;  and  from  that  time  both  lead 
and  copper  seem  to  have  been  diligently  sought,  the  lord  letting 
his  rignts  in  the  mines  on  condition  of  receiving  one-fifth  of  the 

{)roduce.  In  1668  a  lease  of  all  the  mines  in  the  Island,  with 
eave  "  to  erect  a  smelting  mill,  or  more  than  one,  for  the 
smelting  of  the  oar-mynes  and  minerals,"  was  granted  to  two 
merchants,  one  of  London,  and  one  of  Liverpool.® 

In  the  following  year  Charles,  the  8th  Earl  of  Derby,  at  that 
time  Lord  of  Man,  "  being  by  good  reasons  persuaded  y*^  there 
is  plenty  of  coales  "  in  the  Island,  ordered  the  Governor  to  insti- 
tute a  search  for  it.^  In  1699  the  lord's  fifth  of  the  lead  and 
copper  ore  amounted  to  32  tons  13  cwt.  About  this  time  also 
the  nematite  iron-ore  of  Maughold  received  attention,  Mr.  Moore 
finding  it  on  record  that  in  the  year  1700  there  was  shipped 
from  the  mine  at  "  Daunane"  (Drynane,  see  p.  126)  227^  tons 
of  this  ore.® 


*  Since  this  chapter  was  written^  Mr.  Moore  has  included  an  account  of 
the  progress  of  Manx  mining  in  his  "  History  of  the  Isle  of  Man  "  (2  vols. 
8va,  London,  1900).     V«  1.  li.,  pp.  960  971. 

«  "  Cott.  MSS.,  Manx  Soc.,  vol.  vii.,  pp.  79-81." 
»  "  Isle  of  Man,**  p.  307. 

*  "  Statutes,"  vol.  i.,  p.  19. 

*  See  reprint  by  Manx  Soc.,  vol.  x.,  p.  8. 

*  "  Loose  sheets  in  Seneschars  Office  "  [A.  W.  Moore]. 
T  Ilnd. 

*  Ibid. 
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Governor    Sacheverell,    in    his    "Account"    of  the   Island 

fublished  in  1702,  writes : — "  I  am  informed,  since  I  left  the 
slaiid,  they  have  discovered  very  good  mines  of  Lead,  Copper, 
and  Iron,  and  great  probability  of  Coal."' 

The  strenuous  eftbrts  made  about  this  time  to  encourage 
mining  are  illustrated  by  the  following  notice,  published  in  1714 
(for  copy  of  which  we  are  indebted  to  Mr.  Moore). 

*  Forasmuch  as  our  hon^  Lord  hath  been  pleased  for  the 
discovery  and  finding  out  mines  within  this  Island  .  .  . 
to  send  over  an  order  ....  that  any  person  who  shall  find 
out  any  veincs  of  Lead  or  Copper  ....  such  as  shall  be 
thought  fitt  for  working  by  the  Steward  or  overseer  of  the  said 
workes  ....  shall  not  only  have  paid  down  to  them  foiffty 
shilling  as  a  reward,  but  shall  have  the  preference  of  working 
the  said  mines  and  three  pounds  a  ton  for  every  Urn 

they  shall  get,  delivering  imto  the  Steward  a  fifth  part  of  whatoare 
they  shall  raise  after  the  same  is  cleansed  and  made  merchant- 
able, provided  they  begin  and  prosecute  the  said  work  within 
three  months."* 

A  few  years  later.  Bishop  Wilson  wrote  as  follows : — "  Mines  of 
coal  there  are  none,  though  several  attempts  have  been  made  to 
find  them  ;  but  of  lead,  copper,  and  iron  there  are  several,  and 
some  of  them  have  been  wrought  to  good  advantage,  particularly 
the  lead ;  of  which  ore  many  hundred  tons  have  of  late  be^ 
smelted  and  exported.  As  for  the  copper  and  iron  ores,  they  are 
certainlv  better*  than  at  present  they  are  thought  to  be,  haTmg 
been  of".en  tried  and  approved  of  by  men  skilled  in  these 
matters :  however  either  through  the  ignorance  of  the  under- 
takers, or  by  the  unfaithfulness  of  the  workmen,  or  some  other 
cause,  no  great  matter  has  as  yet  been  made  of  them."^ 

From  this  statement  it  appears  that  the  metals  were  raised  in 
the  same  relative  proportions  at  that  time  as  at  present,  except- 
ing that  the  zinc-blende  associated  with  the  leaa-ores,  formerlj 
of  little  or  no  value,  is  now  a  product  of  considerable  worth. 
The  repeated  attempts  since  made  to  work  the  veins  of  copper 
and  iron  have  met  with  no  lasting  commercial  success,  ami  it 
seems  to  have  been  demonstrated  that  those  ores  do  not  occur  in 
sufficient  quantity  for  profitably  winning  \mder  current  conditions 
of  price. 

In  the  above  accounts  the  only  localities  actually  mentioned 
are  Bradda  Head,  The  Calf,  and  Maughold,  all  places  where  the 
metalliferous  veins  are  visible  in  the  cliffs,  though  it  is  probiMe 
that  trials  had  also  b^un  on  the  richer  deposits  of  the  mterior. 
Dr.  Berger  in  his  description  of  th6  mines  in  1814  has  the 
following  note : — "  Mr.  Fitz-Simmons,  who  is  preparing  to 
publish  an  extensive  work  on  the  ancient  History  of  ue  I^e  of 

*  Manx  See.  Reprint,  p.  17. 
»  « *  Lib.  Scacc.'^'  [A.  W.  Moore]. 

'  Bp.  Wilson's  "  History,  etc.,"  in  Camden's  "  Britannia,"  17T2,  p.  Sdi 
Manx  See.  Reprints,  vol.  xviii.,  pp.  94-6. 
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If  an,  states  that  mention  is  made  of  the  mines  of  the  Tsle  in  the 
time  of  Sir  Stanley  1st  and  2nd."  {F(H)t  n^de—'*  The  first  Sir 
Stanley  ap{X)inted  King  of  Man,  was  by  grant  from  King 
Elenry  4th  in  the  year  1407.")  "  Tliose  at  finula,  ho  believes, 
wrere  first  wrought ;  whether  those  at  Foxdalc  were  then  opened 
ooay  be  doubted ;  those  at  Laxey  were  opened  and  wrougnt  by 
X  inining  company  of  Cumberland,  about  the  commencement  of 
the  last  century    .... 

"  Mr.W.Geneste  informs  me  further  that  he  lately  found  in  sonic 
tK>ok8  (titled  Charge  of  the  Revenue)  in  the  Duke's  office  in 
Doi^lass  (called  the  Seneschars  office)  that  the  last  Earl  of 
Derby  had  the  mines  wrought,  paying  the  workmen  at  the  rate 
it  £3  Manx  per  ton  for  the  ore  (lead)  raised.  In  1709,  he  paid 
bhe  miners  for  about  70  tons ;  from  1709  to  1713,  about  30  tons 
l^early.  A  new  smelting  house  was  built  in  1711.  The  workings 
of  the  mines  was  totally  suspended  about  8  years  a^o."^ 

Among  the  papers  preserved  in  the  Office  of  Wooas  and  Forests 
in  London  relatmg  to  the  mines  of  the  Island  are  several 
relating  to  a  grant,  made  in  1679  by  King  Charles  II.  to  Charles, 
Earl  of  Derby,  of  a  Lease  of  "  all  Mmes  Royal  of  gold  or  silver, 
or  holding  gold  and  silver  to  such  a  proportion  as  according  to 
the  Laws  of  the  Realm  of  England  doth  make  the  same  a  Mine 
Boyal"  This  lease  had  expirod  by  the  failure  of  the  Heirs  male 
of  the  grantee  on  the  death  of  James,  Earl  of  Derby  in  1735, 
but  was  revived  on  the  petition  of  John,  Duke  of  Athol  in  1780, 
upon  a  declaration  made  by  P.  J.  Heywood,  a  former  Deemster 
ot  the  Island:  —  "That  he  is  enabled  to  declare  of  his  own 
knowledge  and  from  what  he  hath  heard,  that  there  are  not  any 
mines  of  Gold  or  Silver  in  the  said  Island ;  that  the  only  mines 
which  now  are  or  ever  were  wrought  in  the  said  Isle,  as  he  hath 
heard  and  believes,  are  Mines  of  Lead  and  Copper.  Except  that 
he  hath  heard  some  Mines  of  Iron  have  been  worked  formerly, 
und  that  he  hath  been  informed  by  persons  experienced  in  the 
knowledge  of  mines  that  there  is  a  proportion  of  silver  in  the 
Lead-mines  now  working,  but  so  small  as  by  no  means  to  answer 
the  expence  of  assaying  and  separating."^ 

Feltnam,  in  1798,  describes  the  mining  work  then  in  progress 
%t  Laxey  and  Foxdale,  but  found  the  Bradda  mines  closed.^ 

Woods,  in  his  accoimt  of  the  Island  published  in  1811,*  ^ives 
some  interesting  data  respecting  the  mines  then  existing.  Ihese 
irere  at  Laxey,  Foxdale,  and  *  Breda  *  Head ;  and  he  mentions 
Uso  deserted  shafts  of  lead-mines  with  rubbish-heaps  between 
Port  Erin  and  Kirk  Arbory,  no  doubt  referring  to  those  since 
reworked  as  the  Ballacorkish  or  Rushen  mines  (see  p.  532).  Me 
ipeaks  of  Bradda  as  a  copper  mine,  but  did  not  visit  it.  Foxdale 
he  foimd  deserted  and  drowned  (see  p.  500).  Laxey  was  being 
worked  by  two  levels  from  the  banks  of  the  river  and  yieldea 

*  Trans.  Geol.  See.,  vol.  ii.,  p.  51. 

*  In  a  Report  of  the  Surveyor-General  to  the  Royal  Commission 
»  "Tour  through  the  Isle  of  Man,''  pp.  213,  243. 

*  "  Account  of  the  Isle  of  Man,"  pp.  10-20. 
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silver-lead,  blende  and  copper  (see  p.  519).  He  mentions  tim 
a  small  quantity  of  compact  brovm  ironstone  occurred  im- 
mediately imder  the  breccia  (Carboniferous  Basement  Beds)  in 
the  Silverbum  near  the  mill  below  Athol  Bridge.  The  old  lefel 
at  that  place  to  which  reference  was  made  on  p.  197  was  perhaps 
in  connection  with  this  ore. 

Quayle  also  published  details  respecting  some  of  the  workings 
ml812.^ 

MaccuUoch,  in  his  work  published  in  1819,  discusses  the 
metalliferous  veins  of  the  Island  at  some  length.'  He  notes 
that  the  mines  were  all  abandoned,  with  no  prospect  of  roiewil 
— a  statement  which  in  view  of  the  later  highly  sucoessftil 
results  obtained  from  Foxdale  and  Laxey  may  afford  s(Hne 
pros[)ective  encouragement  to  the  hopeful  adventurer  on  old 
workings  in  the  Island.  He  speaks  ot  Laxey,  Brada  Head  and 
Foxdale  as  the  three  principal  veins,  but  found  that  work  had 
been  carried  on  also  at  Ballacorkish  and  Glensash  (Glenchass, 
see  p.  536)  near  Port  St.  Mary ;  and  some  other  small  north  and 
south  veins  near  Fort  Erin  were  pointed  out  to  him  by  old  mineOt 
(probably  at  Bay  Fine  and  Calf  Sound,  see  p.  632). 

The  following  are  the  ''  Mines  and  Minerals  "  catalogued  in 
the  "  Schedule  of  the  Property  "  conveyed  by  the  Duke  of  Athol 
to  the  Crown  in  1827-«  (MS.  in  Office  of  Woods  and 
Forests) : — 

Lead  Mines.  Yellow  Ochss. 

New  Foxdale.  Mallew. 

Old  Foxdale. 

Flappy  Vein  Ljme  Stone. 

Balla  Corkisn  Vein.  t>    ,.  i    ^r 

Silver  Bourne  Vein.  ^^^^  ^®  ^*^- 

Glen  Chass  Vein.  t»           ▼ 

Bradda  Head  Vein.  ^^^^  Limestone. 

Laxey  Vein.  Pool  Vasle  [vash]. 

Copper  Mine.  Slate 

Bradda  Head.  South  Barrule. 

Iron  Stone.  Stone  Qua&eies. 

Maughold  Head.  Qob  e  Valley. 

n  n  Spanish  Head. 

Polishing  Powder. 

Ballastole.  Coal. 

Among  other  papers  relating  to  this  transfer  preserved  in  the 
Woods  and  Forests  Office  in  London  are  copies  of  the  leases 
under  which  the  mines  were  worked,  and  plans  showing  the 
extent  of  the  development  of  the  more  important  mines  up  to 
that  time.  These  plans  will  be  referred  to  when  the  mines  m 
separately  described. 

*  "General  View  of  the  Agriculture  of  the  Isle  of  Man,"  pp.  9-10. 
'  "  Western  Isles,"  vol.  ii.,  pp.  674-677. 
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The  third  and  fourth  decades  of  the  19th  century  marked  a. 
great  revival  and  development  of  the  Manx  mining  industry 
After  that  time  its  steady  progress  may  to  some  extent  be  traced 
in  the  Mining  Statistics  pubushed  in  an  early  memoir  of  the 
Gteological  Survey  and  in  the  Records  of  the  School  of  Mines 
(see  pp.  495-^). 

Cumming  gave  a  full  account  of  the  condition  of  the  mines 
as  he  found  them  in  1845 — 1848.^  He  notes  that  the  Foxdale 
mining  ground,  extending  eastward  across  the  northern  side  of 
South  f&rrule  from  Glen  Rushen,  had  hitherto  proved  the  most 
productive  on  the  Island ;  and  thinks  that  the  proximity  of  the 
granite  had  very  beneficially  affected  its  mineral  riches.  The 
company  then  working  this  group  of  mines  generally  employed 
about  350  men  and  boys,  and  the  average  raising  oi  silver-lead 
ore  for  the  previous  ten  years  had  been  about  2,400  tons  per 
annum.  Laxey  also,  he  states,  was  being  worked  by  a  new 
ccnnpany  employing  300  men  and  raising  60  tons  of  lead,  200 
tons  of  blende  mixed  with  lead,  and  5  tons  of  copper  ore  per 
month;  the  deepest  working  being  130  fathoms  below  the  aait- 
level.  The  other  mines  which  he  mentions  are  the  Ellerslie  on 
the  Bishop's  Barony  near  Crosby  (see  p.  516),  which  was  being 
worked  without  success ;  a  Copper  Mining  Company  in  Maug- 
hold  parish,  also  unsuccessful ;  and  the  iron  mines  m  the  same 
parish,  in  which  about  70  men  were  employed  and  ore  raised  to 
the  extent  of  about  500  tons  per  month. 

During  the  ensuing  twenty  or  thirty  years  the  great  prosperity 
of  the  Foxdale  and  fiixev  companies  led  the  investing  public  to 
take  shares  readily  in  Manx  mining  enterprises,  and  stimulated 
the  search  for  metals  in  every  part  of  the  Island.  Numerous 
new  companies  were  formed,  and  mines  established  on  the 
slenderest  prospects,  with  of  course  almost  uniform  ill-success. 
In  some  cases  no  ore  whatever  was  obtained  ;  ofbener  the  vein 
yielded  a  little  lead,  zinc,  or  copper,  in  quantity  too  small  to  be 
marketed ;  while  in  a  few  instances  sufficient  ore  was  found  to 
be  worth  selling,  but  less  than  paid  the  working  expenses.  The 
wrecks  of  these  mines,  with  their  ruined  buildings  and  plant,  are 
strewn  here  and  there  over  the  whole  area  occupied  by  the 
Manx  Slates.  It  is  impossible  at  the  present  time  to  obtain  m  the 
Island  definite  information  regarding  many  of  these ;  but  fortu- 
nately, through  the  courtesy  of  tne  Commissioners  for  the 
Woods  and  Forests,  we  have  been  allowed  access  to  the  reports 
made  annually  between  the  years  1857  and  1888  by  the  emment 
mimng  authority,  Sir  W.  W.  Smyth,  who,  in  his  official  capacity 
as  Chief  Mineral  Inspector  for  that  department,  examined  most 
of  the  workings  at  the  period  of  their  activity,  and  reported  fiiUy. 
Wo  are  also  indebted  to  Mr.  W.  H.  Rowe  of  bouglas,  for  placing 
at  our  disposal  his  collection  of  plans  and  details  of  old  mines. 
From  these  and  other  sources  duly  acknowledged  in  the  context, 
the  descriptive  accounts  of  these  ventures  given  in  the  succeeding 
pages  have  been  prepared. 

^  "  Isle  of  Man,"  Appendix  K.,  pp.  30e-311. 
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Geology  of  the  Metaluferous  Veins. 
General  Characters. 

While  the  lodes  which  have  been  mined  to  commerdal 
advantage  in  the  Isle  of  Man  are  only  two  in  numbw,  til, 
that  of  Foxdale  and  that  of  Laxey,  it  has  been  demonstnted 
by  the  numerous  other  working  that  ores  of  lead,  zinc,  iitm  * 
and  copper  are  present  in  a  mmor  degree  in  veins  in  a^ost 
every  part  of  the  Manx  Slate  Series.  These  veins  have  in  ill 
Cases  the  character  of  infilled  fissures  which  break  acroes  die 
stratification  of  the  rocks.  Relative  displacement  of  the  walk 
of  these  fissures  has  probably  occurred  in  most  cases,  but 
usually  only  to  a  slight  amount;  and  it  is  exceptional  to  find  mdi- 
cations  of  considerable  faulting  alonff  them.  The  principal 
vein  is  generally  accompanied  hy  rudelv  parallel  veins  and 
branches  which  are  sometimes  in  themselves  metalliferous^  the 
whole  forming  a  more  or  less  complex  group.  OccasioDiJlj 
they  are  broken  and  displaced  by  later  transverse  faults,  as  will 
subseouently  be  described.  Almost  invariably  they  are  indined, 
at  angles  of  from  5®  to  30**  or  more  d^prees  from  the  vertical, 
this  "  hade  "  varying  in  amount  as  the  vein  is  foUowDd  down- 
ward, but  usually  constant  in  direction.  In  rare  instances 
the  "  hade"  is  temporarily  reversed,  a  change  considered  by  Uw 
inincrs  to  be  unfavourable  to  the  productiveness  of  the  lodei 

The  veins  are  subject  to  great  and  sudden  variations  in 
breadth  and  in  mineral  contents,  the  metaUiferous  d^odts 
rarely  form  more  than  a  small  proportion  of  their  innlling, 
the  greater  part  of  the  fissure  being   occupied    by  crystelliDe 

auartz,  calcite,  dolomite,  with  sometimes  a  little  bant®, 
uor  snar,  etc.,  and  by  breccia  and  decomposed  mateml 
(lerivcQ  from  the  walls.  Gas-  or  water-filled  cavities  known  as 
"  lochs  "  or  "  vughs  "  are  likewise  frequent.  The  valuable  ores 
sometimes  occur  in  definite  ribs  in  the  vein-stuflF,  and 
sometimes  in  disseminated  crystalline  grains,  or  in  both  fonns 
combined.  It  is  clear  that  the  crystalline  constituents,  both 
metalliferous  and  non-metalliferous,  have  been  slowly  deposited 
in  open  cavities.  In  some  cases,  mostly  in  the  Foxdale  Lode,  ! 
there  are  indications  of  movement  of  the  walls  after  partial  ; 
infilling  of  the  fissure,  causing  portions  of  the  vein-stuflF  to  be 
displaced  and  brecciated.  Tne  fissures  have  been  found  to 
extend  vertically,  with  or  without  ore,  as  deeply  as  the  deepest 
mining  works  have  gone,  viz.,  not  far  short  of  2,000  feet  below 
the  nrcsent  surface  at  Foxdale  and  at  Laxey ;  laterally,  the  Foi-  j 
dale  lode  in  one  or  another  of  its  branches  has  been  traced  almort 
continuously  for  2  J  miles,  and  the  Laxey  Lode  for  over  a  mile ;  but 
in  most  cases  the  veins  have  been  found  to  split  up  or  otherwise 
become  indistinguishable  within  much  shorter  distances. 

Direction  of  the  Lodes. 

The   main  lode-system   at  Foxdale   has  a   nearlv  east-and- 
west  course,  and  t&e  smaller  veins  at  the  old  Comellv  Mine 
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a  mile  north  of  Foxdale,  and  at  the  Bishops  Barony  Mine 
three  miles  east  of  Foxdale,  have  also  this  direction;  but  at 
Laxey,  Snaefell,  Ballacorkish,  Bradda,  and  in  fact  at  almost 
all  tne  other  workings  from  which  ore  has  been  obtained 
the  direction  of  the  lode  has  been  approximately  north-and- 
south,  or  more  strictly,  a  little  (5°— 30*")  to  the  west  of  north 
and  east  of  south.  In  only  one  or  two  unimportant  instances. 
lias  any  ore  been  found  in  N.W.  and  W.N.  W.  veins ;  while  ap- 

Erentfy  not  a  single  case  of  a  productive  north-easterly  vein  is 
town,  although  this  is  the  direction  of  strike  of  the  rock-masses 
and  of  innumerable  quartz-veins  accompanying  planes  of  cleavage, 
crushing  and  fracture  (see  pp.  86-7).  It  is  true  that  the  predilection 
of  the  miners  for  north-and-south  veins  has  led  to  these  being 
tested  in  far  greater  numbers  than  those  in  any  other  direction, 
and  that  this  selection  may  in  some  degree  have  affected  the 
result ;  but  the  extent  to  which  veins  of  every  kind  have  been 
cross-cut  in  underOTound  workings  on  the  productive  lodes  is 
sufficient  to  prove  uiat  the  occurrence  of  the  metalliferous  ores  in 
other  than  the  recognised  directions  must  be  extremely  rare. 

The  north-and-south  veins  are  rather  frequently  dislocated  by 
normal  faults,  known  to  the  miners  as  *  Glides, '  which  usually 
strike  about  E.20°N. — W.20°S.,  or  approximately  at  right  angles 
to  the  metalliferous  vein..  Several  of  these  have  been  observed 
in  the  Laxey  Mine  (see  p.  521)  and  others  at  Ballacorkish  (p.  527), 
Snaefell  (p.  535)  and  one  or  two  other  places  (pp.  528.  532). 
The  amount  of  vertical  displacement  which  they  represent  is 
as  a  rule  small ;  but  if  the  disturbances  by  which  the  Laxey  vein  is 
lost  southward,  and  by  which  the  Ballacorkish  vein  is  broken  at 
the  "  Great  Douk  Lode,"  be  due  to  faulting,  these  cases  may  be 
of  great  extent.  It  is  not  clear  whether  the  north-and-south 
lodes  received  their  metalliferous  infilling  before  or  after  these 
transverse  dislocations  took  place ;  with  one  supposed  exception 
(p.  522)  the  *  slides  *  have  never  been  found  to  contain  ore,  but 
some  of  the  facts  at  Laxey  suggest  that  the  principal  deposition  of 
the  metals  took  place  there  subsequent  to  the  faulting  of  the 
lode  (p.  522). 

At  Foxdale,  while  the  chief  productive  lode  strikes  east  And 
west,  this  intersects  north-and-south  metalliferous  veins  both  in 
the  central  portion  of  its  course,  and  farther  west  at  Beckwith's 
Mine ;  and  in  the  latter  case  the  E. — ^W.  lode  is  said  to  have 
thrown  the  N.— S.  lode  at  the  intersection  (p.  505),  thus  playing 
the  r61e  of  a  'slide.'  In  the  Foxdale  Mines  slickensidea 
surfaces  are  abundant,  and  the  striations  are  generally  nearly 
horizontal,  showing  that  some  degree  of  lateral  movement  hfii 
taken  place  along  the  line  of  the  lode;  moreover,  the 
metalliferous  vein-stuff  is  in  places  broken  up,  sometimes  into 
partially  rounded  blocks,  and  recemented  by  undisturbed 
material  subsequently  introduced,  showing  that  there  has  been 
movement  along  the  fissure  after  an  interval  of  quiescence. 

It  seems  possible  that  the  later  movement  may  have  taken 
place  here  at  the  time  of  the  cross-faulting  of  the  N. — S.  lodes 
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in  other  districts,  and  that  the  Foxdale  vein  was  afiected  along, 
and  not  across  its  course  because  of  its  K — W.  direction. 

A  point  of  im{]Nortance  in  regard  to  the  position  of  the  lodes  is, 
that  all  the  larger  and  more  productive,  including  Bradda,  Balla- 
corkish,  Foxdale,  Laxey,  and  Maughold  Head,  occur  on  or  in  the 
vicinity  of  the  structural  axis  of  the  Manx  slates,  near  where  the 
dominant  dips  of  the  folded  strata  and  of  the  cleavage  form  an 
anticline.  As  elsewhere  shown  (p.  118),  this  axis  is  probably  the 
centre  of  a  synclinorium  of  the  slates  as  a  whole ;  but  it  is 
remarkable  that  in  manv  mining  districts  abroad,  e.g,,  in  Noti 
Scotia  and  Queenslana,^  a  close  association  of  metalliferous 
deposits  with  anticlines  of  folded  strata  has  been  observed, 
though  not  in  veins  of  the  Manx  character. 

Age  of  the  metalliferous  lodes  and  relation  to  the 

Olivine-dolerite  dykes. 

While  from  the  limited  range  of  Manx  stratigraphy  direct 
evidence  as  to  the  period  at  which  the  metalliferous  iissures  were 
formed  is  not  f ortncoming,  we  possess  sufhcieut  data  to  show 
that  it  must  have  been  comparatively  lat«  in  the  geological 
history  of  the  Island.  It  was  certainly  later  than  all  the  Fre- 
Carboniferous  earth-movements  and  dyke-injections  described  in 
a  previous  chapter  (p.  71-2),  by  which  the  Slate  Series  was  packed 
into  folds,  brecciatca,  foreshortened  by  overthrusts,  andinter- 
penetrated  by  basic  and  afterwards  by  granitic  intrusiona 

The  segregation-veins  of  quartz  and  other  minerals  which 
were  formed  so  abundantly  during  the  later  stages  of  these  move- 
ments contain  no  metals  of  economic  value ;  ana  the  metaUiferous 
iissures  have  been  cleanlv  gashed  through  rocks  in  which  all  the 
above  indications  of  eartn-movement  are  present,  and  are  clearly 
subsequent.  The  presence  of  copper  pyntes  in  a  vein  in  the 
Carboniferous  Basement  Conglomerate  at  Langness  (p.  538),  and 
ofgalenaina  similar  vein  in  the  Carboniferous  Limestone  at 
Castletown  (p.  537),  brings  down  the  date  of,  at  any  rate,  some  of 
the  metalliferous  deposits  into  Post-Carboniferous  times.  The 
only  '  solid '  rocks  newer  than  Carboniferous  accessible  to 
observation  above  sea-level  in  the  Isle  of  Man  are  the  intrasive 
dykes  of  olivine  dolerite,  which,  on  grounds  already  discussed 
(Chap.  VII  ( ,  p.  327),  are  believed  to  be  of  Tertiary  age.  The  studv 
of  the  relationship  of  these  dvkes  to  the  lodes  has  led  me  to  the 
unexpected  conclusion  that,  although  the  fissures  were  in  existence 
before  the  date  of  these  intrusions,  some  part  of  their  metalli- 
ferous infilling  was  of  later  date.  Tne  grourids  for  this 
conclusion  are  fully  stated  in  the  descriptive  details  of  the 
Bradda,  Ikllaoorkisli,  Langiicss,  East  Foxdale  and  other  mines, 
and  will  here  bo  only  briciiy  rctapituhitcd. 

At  North  Brad  da,  Ballai^orki.sh,  and  Lantrness  there  is  evidence 
to  show  that  dolerite  dykes,  following  the  usual  north-westerlv 

1  Victoria  Government  Blue-book ;  Dept  of  Mine.s ;  Reiwrts  on  the 
Bendigo  Gold-field,  by  E.  J.  Dunn,  pp.  9-13  (Mellwurne,  1896). 
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course,  have  been  diverted  northward  for  a  short  space  on 
intersecting  the  fissures.  In  the  first-mentioned  place,  where  the 
lode  is  of  ^eat  size  and  clearly  revealed  in  the  cliff,  it  is  seen  that 
the  dyke  is  intrusive  into  the  vein.  But  at  Ballacorkish  and 
East  Foxdale,  portions  of  the  metalliferous  lodes  have  been 
found  in  the  underground  workings  to  intersect  the  igneous 
rock  (see  Smyth's  reports  Quoted  on  pp.  515  and  534),  and  the 
ores  (sulphides)  he  alongsiae  the  margin  of  the  dyke-rock,  in 
positions  which  they  could  not  have  occupied  before  or  during  the 
injection  of  the  molten  matter;  and  similarly  at  Langness,  where 
the  ore  slightly  interpenetrates  the  dolerite.  Besides  the  places 
above  mentioned,  smaller  quantities  of  the  metalliferous  ores 
have  been  found  in  the  vicinity  of  olivine-dolerite  dykes  at 
Kerroo-mooar  (p.  646),  Glen  Auldyn  (p.  545),  Maughold  Head 
(p.  641),  and  Castletown  Harbour  (p.  537);  but  in  all  except  the 
last  case  no  evidence  is  now  available  as  to  the  exjict  relationship. 

It  is  of  course  possible  that  scattered  ores  already  in  existence 
in  the  fissures  may  have  been  displaced  and  concentrated  into 
larger  bodies  by  the  invasion  of  the  dykes ;  but  it  seems  more 
likely  that  the  aeep-seated  channels  which  permitted  the  upward 
egress  of  the  molten  rock  may  also  have  served,  at  a  somewhat 
later  stage  of  the  same  period  of  thermal  activity,  as  conduits 
for  the  vapours  and  waters  which  supplied  the  crystalline  infilling 
to  the  reopened  fissures.^ 

It  does  not  follow,  however,  that  the  whole  of  the  Manx 
metalliferous  veins  are  of  this  age;  for  it  is  only  in  a  few  instances, 
and  these  not  of  the  first  importance,  that  the  connection  between 
the  dolerite  and  the  ores  has  been  observed ;  and,  moreover,  the 
majority  of  the  olivine-dolerite  dykes  are  not  known  to  be 
accompanied  by  ore-deposits.  All  that  can  be  learned  from  the 
evidence  is  that  where  the  dykes  of  this  late  age  are  in  contact 
with  the  metalliferous  accumulations,  the  latter  are  the  newer. 
As  no  association  of  olivine-dolerite  dykes  with  ore  deposits 
appears  to  be  known  in  Western  Scotland  and  Northern  Ireland 
where  these  intrusions  are  so  numerous,  there  must  be  some 
additional  factor  in  the  local  conditions  of  the  Isle  of  Man  which 
has  favoured  the  production  of  the  metals  in  the  veins.  What 
this  may  be  has  not  yet  been  discovered. 

The  outcropping  of  the  metalliferous  veins  and  of  the  dolerite 
dykes  at  the  present  surfaxje  shows  how  extensive  must  have 
been  the  erosion  in  the  area  during  later  Tertiary  times,  as  the 
infilling  of  the  fissures  in  both  cases  can  only  have  occurred  at 
some  considerable  depth. 

I  was  not  aware  until  after  the  above  passages  were  written 
that  my  colleague,  Mr.  J.  G.  Goodchild,  had  some  time  ago 
reached  a  similar  conclusion  in  regard  to  the  metalliferous  veins 
of  another    district  by  a  different  chain  of  reasoning.     The 


*  Sir  W.  W.  Smyth's  description  of  the  quiet  and  undisturbed  condition 
of  the  delicate  fibres  of  Plumosite  in  the  Foxdale  lode,  quoted  on  p.  503, 
ha^     direct  bearinff  on  this  question. 


\ 
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following  quotation  from  his  suggestive  paper  entitled '' Some 
Observations  upon  the  Mode  of  Occurrence  and  the  Genesis  oi 
the  Metalliferous  Deposits/'^  will  show  that  the  Manx  evidenc 
is  in  close  agreement  with  his  results. 

"  As  bearing  upon  the  age  of  the  North  of  Eugland  lead-veins 
one  or  two  points  remain  to  be  considered.  The  £Biults  wherein 
the  veins  occur  probably  date  back  in  many  cases  to  very  remote 
geological  ]^)erioas.  As  zones  of  disturbance  and  of  dislocation, 
many  of  them  certainly  may  be  referred  to  periods  long  anterior 
to  the  date  of  the  rocks  they  now  affect  at  tne  sur&ce.  There  is 
plenty  of  evidence  to  show  that,  as  zones  of  weakness,  they  have 
acted  as  faults  again  and  again  at  various  periods  since.  The 
fault  breccias  are  scnmched  and  slickensided  in  a  manner  that 
points  to  the  repeated  exertion  of  powerftil  mechanical  forces  in 
times  past  In  remarkable  contrast  to  this  evidence  of  powerful 
grinding  and  crushing  is  that  afforded  by  the  crystalline  contents 
of  the  veins.  There  may  be,  in  a  few  instances,  some  kind  of 
evidence  of  these  vein-mmerals  having  been  disturbed  since  they 
were  formed  ;  but  as  a  rule  the  evidence  tends  to  show  that  since 
the  date  of  formation  of  these  minerals  there  has  been  no 
vertical  displacement  of  the  opposite  cheeks  of  the  fault.  Lai^ge 
masses  of  crystals  occur  without  the  slightest  sign  of  any  break 
during  their  growth  from  first  to  last,  and  the  crystalline  fiices  of 
many  of  the  minerals,  such  as  Fluor,  Baryte,  (^ena  and  others, 
are  ^just  as  perfect  as  when  the  minerals  were  first  formed.  The 
significance  of  this  very  common  feature  of  mineral  veins  does 
not  seem  .to  have  been  generally  perceived." 

"Another  equally  well-known  feature  in  connection  with 
mineral  veins  calls  for  remark  here.  This  is  the  '  comby '  struc- 
ture of  lodes,  and  the  evidence  of  the  deposition  of  vein  minerals 
in  successive  layers.  This  clearly  points  to  the  fact  that  during 
the  filling  of  the  vein  there  were  occasional  interruptions  of 
deposition,  which  were  contemporaneous  with  more  or  less 
lateral  disruption  of  the  veins  and  their  contents.  After  the 
formation  of  the  earliest  stages  of  the  comby  structure  there  has 
been  no  displacement  alon^  the  plane  of  the  fault" 

"  Such  a  condition  of  things,  extending  over  a  large  area,  can 
only  have  obtained  under  conditions  of  upheavaL  This  seems 
to  indicate  that  the  introduction  of  the  leaa  ores  of  the  North  of 
England  took  place  at,  or  about  the  close  of,  the  last  period  of 
upneavaL  This,  by  independent  reasoning,  I  have  inferred  to  be 
contemporaneous  with  the  last  manifestations  of  volcanic  energy 
in  Tertiary  times ;  and  all  the  evidence  yet  brought  forward 
seems  uniformly  to  support  that  conclusion    (pp.  56,  57). 

In  many  other  parts  of  the  world  it  has  been  proved  that 
certain  metalliferous  veins  have  received  their  infilling  at  compara- 
tively late  periods  in  geological  history  and  in  association  with 
the  mtrusion  of  igneous  rocks.  If  we  take,  for  example.  Part 
III.  (Economic  (Jeology)  of  the  18th  Annual  Report  of  the  U.S. 

^  Pro?.  Geologists*  Assoc.,  vol.  xi.  (1888-9),  pp.  45-68. 
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Geological  Survey,  which  came  to  hand  while  this  chapter  was 
in  preparation,  we  find  an  account  (p.  69)  of  the  celebrated 
Treadwell-Mexican  Grold  Mine  on  Douglas  Island,  Alaska,  by  6.  F. 
Becker,  in  which  it  is  stated  that  the  mineralization  of  the  lode 
is  probably  connected  with  the  intrusion  into  it  of  a  vein  of 
analcite-basalt,  the  author  concluding  that  "  the  basalt  was 
injected  after  the  mineralization  b^an,  but  before  it  had 
ceased  " ;  he  adds,  *'  so  far  as  I  know  this  is  the  first  known  case 
of  an  association  of  analcite-basalt  with  ore  generation."  The 
age  of  the  intrusion  is  not  definitely  establishea,  but  is  supposed 
to  be  either  Late  Mesozoic  or  Tertiary. 

Moreover,  in  the  same  volume  tnree  out  of  the  four  other 
reports  on  mining  districts,  in  widely  separated  parts  of  the 
Western  States,  embody  the  conclusion  that  the  metalliferous 
infilling  of  the  veins  must  be  assigned  to  periods  of  eruptive 
activity  in  Tertiary  (or  in  one  case  possibly  Cretaceous)  times : 
these  are  "  On  the  Judith  Mountains  of  Montana,"  by  W.  H. 
Weed  and  L.  V.  Pirsson  (veins  not  older  than  early  Tertiary, 

£.  463) ;  "  On  the  mining  districts  of  the  Idaho  Basin,"  by  W . 
indgren  (veins  probably  Cretaceous  or  early  Tertiary,  p.  631) ; 
and  "  On  the  Telluride  Quadrahgle,  Colorado,"  by  C.  W.  rurington 
(veins  not  older  than  Late  Tertiary,  p.  825). 

^  Country '-rock  of  the  Lodes. 

The  Manx  metalliferous  veins  are  developed  principally  in 
that  portion  of  the  Manx  Slate  Series  which  is  intermediate  in 
character  between  the  grits  on  the  one  hand  and  the  clay-slates 
on  the  other.  Their  usual  matrix  is  the  bluish-grey  thin-bedded 
flags  or  flag^  slates  which  consist  of  a  more  or  less  intimate 
admixture  ofargillaceous  and  fine-grained  sandy  or  silty  material. 
In  no  case  has  a  productive  lode  oeen  found  among  the  quartz- 
veined  grits  ("  Agneash  and  other  Grits,"  of  published  map) ;  and 
where  belts  of  this  character  have  been  encountered  in  under- 
ground workings,  as  at  North  Laxey  and  in  the  northern  extrem- 
ity of  Great  Laxey,  the  vein  has  been  found  to  contract  or 
become  *  tight,*  ana  to  lose  its  value.  On  the  other  hand  the 
homogeneous  dark-blue  "Barrule  Slates"  have  been  found 
equal^  barren ;  and  where  bands  of  this  composition  have  been 
passea  through,  as  at  Snaefell  and  other  places,  the  lode  has 
oecome  soft  ('douky')  and  shattered,  splitting  up  into  small 
branches  and  losing  its  individuality.  At  Foxaale  the  main  £. 
and  W.  lode,  and  also  one  of  the  N.  and  S.  cross-courses 
(Magee's),  has  been  followed  downward  from  the  slate  into 
granite,  and  has  been  found  equally  as  productive  in  the  one 
rock  as  in  the  other,  though  the  quality  of  the  galena  has 
shown  a  remarkable  variation,  that  in  the  slate  being  richer  in 
silver  than  that  in  the  granite. 

In  this  locality  the  opinion,  alluded  to  by  Gumming,^  is 
commonly  held  that  the  metalliferous  vein  owes  its  riches  to  the 

1  "  We  of  Man,"  p.  308. 
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granitic  intrusion.  But  it  is  clear  not  only  that  the  granite  was 
consolidated,  but  also  that  its  oflfehoots  were  aflFected  by  post- 
consolidation  movements  (p.  316)  long  before  the  lode  wasformei 
Similarly  at  Laxey,  the  looe  cuts  across  elvans  given  off  from  the 
Dhoon  Granite,  in  which  incipient  cleavage  had  been  produced  by 
earth-movement  subsequent  to  their  consolidation  (p.  521);  and  at 
the  old  Comelly  Mine,  a  mile  N.  of  Foxdale,  where  massive 
granite  was  found  beneath  the  slate  (p.  617),  the  lode  traversed 
both  rocks.  At  Bradda,  Ballacorkish,  Snaefell,  and  North  Laxey, 
considerable  ore  bodies  occur  in  the  slate-rocks  where  there  is  no 
reason  to  suspect  the  proximity  of  granitic  intrusions ;  and  the 
highly  productive  western  portion  of  the  Foxdale  main  lode, 
(Beckwith's  Mine,  p.  604),  lies  amid  slates  nearly  2  miles  beyond 
the  proved  underground  extension  of  the  granite.  The  rich  vein 
at  Laxey,  again,  is  about  a  mile  distant  from  the  nearest  outcrop 
of  the  Dhoon  Granite ;  while  other  veins  in  close  proximity  to 
that  intrusion  have  proved  barren  or  nearly  so  (p.  628).  Hence 
the  whole  of  the  facts  tell  against  the  supposition  that  the 
metalliferous  deposits  were  a  direct  result  of  the  granitic 
eruptions. 

In  an  indirect  manner,  however,  it  is  possible  that  the  Foxdale 
Granite,  long  aftior  its  consolidation,  may  have  favoured  the  pro- 
duction of  the  lode,  by  affording  a  massive  homogeneous  rock- 
basement,  in  which  a  fissure  produced  by  unequal  earth-move- 
ment might  descend  to  great  depths  and  remain  suflSciently 
open  to  permit  the  ascent  along  it  of  the  vapours  and  solutions 
from  which  the  empty  spaces  received  their  infilling.  The  broad 
shelving  laccolitic  outline  of  this  granite  (p.  166)  would  be  more 
favourable  to  the  production  of  such  a  fissure  than  would  be  the 
case  in  the  Dhoon  Granite,  which  appears  to  descend  as  an 
irregular  pipe-like  core  with  steep  walls  (p.  1 44). 

The  same  explanation  may  be  applied  to  the  distribution  of 
the  veins  in  the  sedimentary  rocks.  Where  these  were  of  a 
character  to  break  cleanly  to  considerable  depths,  and  to  preserve 
an  open  space  when  fissured,  as  in  the  case  of  the  finnly 
packed  and  welded  mass  of  Lonan  flags  enclosing  the  Laxey  lode, 
productive  metalliferous  veins  have  been  formed  :  but  where  the 
rocks  were,  like  the  Agneash  Grits,  of  such  a  character  that 
regular  fissures  could  not  readily  be  produced  in  them  ;  or,  like 
the  Barrule  Slates,  where  if  produced,  such  fissures  would  be  filled 
with  the  broken  debi  is  of  the  walls,  the  conditions  were  unfavour- 
able either  for  the  percolation  or  deposition  of  the  ore-bearing 
solutions,  and  the  veins  are  consequently  scanty  and  of  no 
economic  value.  This  explanation  seems  adequate  lor  the  known 
occurrencey  of  ore  in  the  Island;  but  fails  to  account  for  the  fact 
that  there  are  largo  tracts  of  the  firm  slaty  flags  apparently 
eaually  favourable  for  the  production  of  lode-conditions,  in 
wnich  only  inconsiderable  quantities  of  ore  have  yet  been 
discovered.  Here  again  some  additional  factor  in  the  deep-  seated 
structure,  to  which  we  have  no  clue,  is  probably  involved. 


GkoWING  O*'  THB  OkES  :     MiNEBAL  STATISTICS-  493 

Association  of  the  Ores  in  the  Lodes. 

On  this  point  but  little  information  has  been  obtained  The 
lead  and  zinc  ores  (sulphides)  are  usually  found  together,  but  the 
relative  quantities  are  extremely  variable;  so  that  while  at 
Laxey  zinc-blende  is  by  fer  the  most  abundant  ore,  at  Foxdale 
the  (quantity  present  is  too  insignificant  to  be  recomised  com- 
mercially, dopper,  in  the  form  of  pyrites,  generally  occurs,  in 
very  thin  strings  or  finely  disseminated  around  the  outskirts  of 
the  other  ore-bodies,  as  at  Laxey,  where  its  appearance  in  the 
southward  drivings  heralded  the  deterioration,  of  the  lode  (see 
p,  620) ;  at  Foxdale  it  is  rarely  found  and  in  very  small  quantities 
(see  Smyths  report  in  1883  quoted  on  p.  611).  Pyrites  and 
chalybite  are  more  or  less  present  in  all  the  lodes,  the  latter 
sometimes  in  large  bodies  at  Foxdale. 

The  hematite  ore  of  the  Maughold  veins,  as  suggested  on 
p.  291,  may  have  been  introduced  mto  the  lode  when  the  slates 
were  overlapped  by  Triassic  strata. 

Lists  of  the  minerals  of  the  individual  lodes  and  particulars 
respecting  the  rarer  varieties  are  given  in  the  subsequent 
detailed  descriptions  of  the  mines. 

Notes  on  the  Mineral  Statistics  since  1845. 

After  the  close  and  systematic  search  which  has  been  made  in 
every  part  of  the  Island,  wo  may  presume  that  the  relative 
iuiportance  of  the  various  lodes  has  oeen  well  established,  and 
that  no  considerable  body  of  ore  presenting  surface  indications 
can  have  been  overlooked,  though  there  is,  of  course,  the  possi- 
bility that  such  may  remain  still  imdiscovered  beneath  a  super- 
ficial covering  of  drift.  As  previously  mentioned,  while  the 
valuable  ores  nave  been  foimd  in  small  amount  in  many  veins, 
the  commercially  successful  mines  are  and  apparently  have 
always  been  confined  to  two  lodes — that  of  Foxdale  and  that  of 
Laxey,  though  considerable  bodies  of  lead  and  zinc  ore  have 
been  met  with  also  in  the  mines  of  *  Snaefell,' '  North  Laxey '  in 
the  Comah  Valley,  and  *  Ballacorkish  * ;  and  of  hematite  in 
Maughold  parish.  From  all  the  other  workings  combined  the 
total  quantity  is  inconsiderable.  From  the  depth  to  which  the 
principal  mines  have  now  been  sunk,  we  must  also  conclude  that 
the  average  output  of  the  last  fifty  years  is  unlikely  to  be  main- 
tained in  the  future. 

Lead-ore. — The  table  given  on  pp.  496-8  shows  that  between 
1846  and  1860  the  average  output  of  lead-ore  was  2,300  tons  per 
annum,  of  which  at  first  six-sevenths,  and  afterwards  two-thirds 
was  contributed  by  the  Foxdale  group  of  mines,  and  practically 
the  remainder  by  Laxey.  A  steady  increase  during  the  next  five 
years  brought  the  total  output  of  this  ore  in  1866  up  to  3,673 
tons,  of  which  three-fourths  was  from  Foxdale,  and  the  remainder 
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from  Laxey.  A  decrease  then  set  in,  so  that  iintil  1864  the 
annual  output  ranged,  in  round  numbers,  between  2,500  and 
2,800  tons.  In  that  year  however  the  contribution  from  Laxey 
was  greatly  augmented ;  and  in  the  ibllo¥ring  year  equalled  that 
of  Foxdale,  bringing  the  total  up  to  3,143  tons  of  lead-ore.  In 
1871  the  grand  total  of  4,645  tons  was  reached,  of  which  Laxey 
yielded  a  half,  Foxdale  rather  over  a  third,  and  eight  smaller  mines 
the  remaining  sixth.  There  was  a  drop  of  1,000  tons  in  1872 
owing  to  a  decrease  of  that  amount  iroia  Laxey ;  but  from  1873 
to  1877  inclusive  the  total  annual  output  of  the  Island 
remained  steadily  between  4.200  and  4,400  tons,  the  Foxdale 
contribution  maintaining,  as  for  many  previous  years,  remarkable 
regularity  at  about  1,600  to  1,700  tons.  In  1878  the  returns 
fell  below  4,000  tons,  Laxey  sinking  again,  and  permanently,  to 
the  second  place  as  a  lead-producer.  But  this  deficiency  was 
more  than  made  up  in  .ucceeding  years  by  Foxdale,  which 
swelled  the  output  to  high-water  mark  at  6,868  tons  in  1885, 
two- thirds  of  wnich  was  tiDm  this  mine  and  less  than  a  quarter 
from  Laxey.  From  1884  to  1893  inclusive  the  total  yield  of 
lead-ore  remained  between  6,000  and  6,700  tons,  the  decline  of 
Laxey  meanwhile  continuing,  so  that  in  the  last-named  year  its 
proportion  was  less  than  one-seventh,  while  Foxdale  yielded 
three-fourths  and  three  other  mines  the  remainder.  Since  that 
date,  though  Foxdale  has  maintained  its  high  productiveness— its 
yield  of  4,800  tons  of  lead-ore  for  1894  being  the  greatest  in 
the  histor)r  of  the  mine — the  deficiency  from  the  other  mines 
has  diminished  the  total  output  of  the  Island  to  3,843  tons 
for  1900. 

Zinc-Blende. — The  only  other  metal  deserving  special  notice 
is  zinc ;  and  its  history  is  practically  that  of  the  Laxey  Mine,  as 
except  during  a  short  pericxl  of  productiveness  at  Snaefell,  the 
other  sources  of  this  substance  m  the  Island  have  been  imim- 
portant.  In  1854  the  returns  of  blende  from  Laxey  were  1,435 
tons,  rising  suddenly  in  the  following  year  to  3,989  tons,  and 
from  that  time  imtU  1861  ranging  around  3,000  tons  more  or 
less.  Then  follow  great  fluctuations,  so  characteristic  of  this 
mine,  the  record  for  1862  being  691  tons;  for  1863,  2,298  tons; 
for  the  four  following  years,  between  4,960  and  5,488  tons ;  in 
1869,  7,208  tons ;  and  so  on,  until  in  1875  the  returns  show 
11,753  tons  of  blende  from  this  mine,  and  11,898  tons  from  the 
whole  Island,  a  quantity  which  has  not  been  since  attained. 

During  the  ensuing  decade,  the  average  was  about  6,000  tons, 
ranging  from  about  2,000  above  to  2,000  below  this  figure.  But 
since  1885  there  has  been  a  continued  decline  which  brought 
down  the  total  for  1896  to  1,180  tons  of  blende  from  Laxey  and 
1,489  tons  from  the  whole  Island,  with  a  slight  recovery  to 
the  total  of  2,009  tons  in  1897, 2,602  tons  in  1899,  and  2,124  \ous 
in  1900. 

The  following  table  gives  the  total  annual  output  of  the 
Manx  Mines  recorded  in  official  returns. 
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MINING    DETAILS. 

LUt  of  Mines  and  Mining  Trials  in  their  order  as  described  in  the  following 
pages.    The  names  of  the  more  important  are  printed  in  small  capitals. 

Foxdale  Group. 


Beckwith's  Vein. 

Cross's  Vein. 

Dixon's  Vein. 

Old  Foxdale. 

Magee's  Mine. 

Old  Flappy  Vein. 

Hodgson's  or  Faragher's  Mine. 


East     or     Central     FoxDAtte 

Mine. 
Ellerslie,   Glen  Darragh,  Bishops 

Barony,  or  Great  East  Foxdale 

Mine. 

CORNELLY  OR  TOWNSEND   MiNE. 

Ballanicholas  Mine. 
Garth  Trial. 


Great  Laxey  Mine. 

North  Laxey  and  Glencherry 

Mines. 
East  Laxey  Trial. 
East  Snaefell  Trial. 


Laxey  Group, 

Snaefell  Mine. 

Block  Eary  Trial. 

Glen  Roy  Mine. 

Dhoon  or  Rhennie  Laxey  Mine. 


Southern  Group, 


Bradda  or  South  Manx  Mines. 
Ballacorkish,      Rushen,      or 

South  Foxdale  Mines. 
Ballasherlocke  or  Bellabbey  and 

Falcon  Cliff  Mine. 


Iron  Spout  Trial. 
GlenchiBUis  Mine. 
West  Bradda  Trial. 
Castletown  Harbour  Vein. 
Langness  Copper  Mines. 


Northern  Hematite  Group, 

Mauohold  Head,  Glebe  Vein,       Ballajora   (Ballaoorra)    and 
AND  Drynanb  Mines.  Marbrick    (Maghsr-e-breck) 

Mines. 
Ballasaig  and  other  Trials. 


Miscellaneous  Trials. 


Abbey  Lands  Mine. 

Ballaglass  and  Ballaskeg,  or  Great 

Mona  Mine. 
Barony  Mine. 
Baldwin  Mine. 
East  Baldwin  or  Ohio  Mine. 
Douglas  Head  Mine. 
Elian  Vannin  or  Cartwright's  Glen 

Mine. 
Glen  Auldyn  Mine. 
Glen  Crammag  Mine. 
Glenfaba  Mine. 
Glen    Meay,   or   North  Foxdale, 

Mine. 


Glen  Rushen  and  Niarbyl  Mine. 

Ingebreck  Mine. 

Kerroomooar  Mine. 

Kirk  Michael  Mine. 

Laurel  Bank  and  Wheal  Micbiel 

Mine. 
Maughold  Head  Copper  Mine. 
Montpellier  Mine. 
Mount  Dalby  Mine. 
Onchan  or  Douglas  Bay  Mine. 
Pen  y  Phot  Mine. 
Ramsey  or  Northern  Mine. 


Gold. 
Molybdenite. 

31»l 


J^otes  on  other  vein-products. 

Plumbago. 
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FOXDALE  GBOXJP. 

The   Mines   of  the   Central  or  Foxdale  Area 

H1ST0RICA.L  AND  Qbneral  Notes. 

From  lK)th  the  geological  and  economic  points  of  view  the  Fo 
Mines  stand  pre-eminent  in  the  Isle  of  Man  ;  auring  the  latter  half  c 
past  century  they  have  indeed  attained  to  the  first  rank  among  the 
mines  of  the  United  Kingdom  for  productiveness,  as  well  as  for 
management,  which  has  enabled  them  to  survive  successfully  the  yicissi 
in  the  market  value  of  their  product  that  have  extinguished  the  Indus 
many  mining  districts.  They  are  situated  in  the  interior  of  the  sob 
part  of  the  Island,  close  to  the  head-waters  of  the  Foxdale  River.  Th< 
and-west  lode  wnich  they  explore  traverses  the  northern  slopes  of 
Barrule  and  Granite  Mountain  (formerly  known  as  Slieau  ny  Clougl 
present  workings  being  confined  to  the  portion  intersecting  the  vilh 
Foxdale,  at  ari  elevation  of  from  400  to  450  feet  above  sea-level. 

The  date  of  the  first  discovery  of  ore  in  tliis  locality  is  not  know 
was  at  any  rate  before  the  early  part  of  the  18th  century,  as  in  a  reporl 
to  Lord  Derby  in  1724  the  governor  of  the  Island  mentions  that  "Fo; 
hath  from  the  first  been  worked  with  the  least  success  ....  I 
be  forced  to  give  it  up,  for  the  longer  Wd  work  it  the  worser  it  grows.*" 

Since  the  surrounding  ground  is  more  or  less  drift-covere 
may  presume  that  the  lode  was  first  recognised  in  the  bed  of  the  F' 
River,  which  crosses  its  richest  portion.  Old  workings  may  still  be 
in  the  vicinity  of  the  stream  ;  and  it  was  probably  these  to  which  F< 
referred  in  1798  as  having  produced  ricn  and  abundant  ore,*  and 
Woods  noticed  early  in  tne  next  century,  in  a  deserted  condition 
rubbish  from  the  shafts  consisting  almost  wholly  of  fragments  of  slate, 
with  pieces  of  brown  ])lende,  a  little  lead  glance  and  some  s|)arry  iro 
("Account  of  .  .  .  the  Isle  of  Man,"  1811,  p.  12.)  Berge 
found  the  mines  inactive  (in  1811?);  he  mentions  that  a  "  small-g 
granite"  had  been  found  in  one  of  the  shafts,  and  that  a  productivt 
and  south  cross- vein  (see  p.  510)  had  lieen  discovered,  with  rich 
at  its  junction  with  the  main  vein.  He  was  informed  that  the  grani 
found  in  a  shaft  40  yards  deep,  where  it  "  formed  the  north  side  of  th 
the  galena  adhering  to  it,  while  the  south  side  was  a  stratified  1 
Macculloch,  a  few  years  later,  likewise  found  the  workings  de^ertc 
inaccessible.* 

Some  information  regarding  these  old  workings  has  been  obtaine 
documents  pi*eserved  in  the  Oftice  of  Woods  and  Forests.  In  a  schet 
the  property  i)urchased  by  the  Crown  from  the  Duke  of  At] 
1827-1828,  we  find  under  the  heading  of  Lead-mines  ^^  Xew  Foxdale^ 
Foxdale,"  and  "  Flapi)y  Vein  "  (the  cross-course  mentioned  by  Berger) 
as  three  distinct  mines ;  and  it  is  mentioned  that  these  are  subject  to 
granted  by  the  Duke  to  Michael  Knott  for  a  tenn  of  31  yean 
November,  1823.  There  is  also  in  the  same  office  an  old  plan  and  \ 
prepared  by  J.  A.  Twigg  in  1826,  the  former  lettered,  **  Section  of  tl 
of  lead-ore  at  the  New  Foxdale  Mine,  wrought  by  M.  Knott,  Esq., 
Isle  of  Man,  showing  the  course  of  the  levels  (driven  near  the  vein) 
view  of  the  shafts  at  T)re.sent  sunk,  and  also  some  trials  made  upon  th< 
of  the  vein  at  the  Surface.*'  This  jilan  shows  the  Engine  Shaft 
38  fathoms  deep,  with  two  levels  west  and  five  levels  east  from  it;  the  1 
level  was  that  at  15  fathoms, which  went  160  fathoms  east  and  was  reac 


'  Knowsley  (Loose)  Papers  quoted  by  A.  W.  Mor>re  in 
Isle  of  Man,*'  vol.  ii.  p.  964. 
^  "Tour  through  the  Isle  of  Man,"  p.  213. 
'  Trans.  Geo].  Soc,  vol.  ii.  (1814),  p.  37  and  p.  52. 
*  "Western  Isles,"  vol.  il,  p.  677  (1819). 
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three  air-shafts  E.  of  Engine  Shaft,  and  by  one  W.  of  it ;  and  still  farther 
E.  were  two  more  sinkings,  to  a  depth  of  15  fathoms,  with  short  drivings. 
The  ground-plan  indicates  the  main  lode,  with  a  "  south  string"  and  "  north 
string "  f ?  =»  Magee's  Lode,  see  p.  510j,  jast  east  of  Engine  Shaft :  and  a 
**  strong  vein "  p  =  Flappy  Vein]  going  off  nearly  N.-S.  on  the  west  of 
Engine  Shaft :  and  also  an  E.-W.  vein  joining  the  "  main  vein"  33  fathoms 
west  of  that  shaft,  on  which  is  the  note  "  This  vein  contains  manganese  and 
other  minerals  not  congenial  to  lead."  It  shows,  moreover,  the  position  of 
"  shaft  sunk  by  the  old  men,"  and  "  old  workings  wrought  40  years  ago." 

Soon  after  Mr.  Knott  obtained  his  lease  he  appears  to  have  sold  his 
interest  to  a  company,  who  took  up  the  working  ;  and  thenceforward,  on  one 
part  or  another  of  the  vein,  mining  has  gone  on  continuously  up  to  the  present 
day.  The  following  account  of  the  progress  of  the  mine  up  to  1848  is  given 
by  Gumming : — 

"The  chief  workings  at  that  time  [/.e.,  circa  1823]  were  upon 
what  is  generally  termed  the  Foxdale  vein,  to  the  northward  of  the 
great  granitic  boss,  crossed  by  elvans  striking  out  from  the  nucleus  of  the 
granite.  Very  little  except  horse  and  water  power  had  been  employed, 
though  there  were  at  that  time  two  small  steam-engines  also  at  work,  and 
the  depth  reached  was  never  more  than  40  fathoms.  The  great  workings 
are  now  carried  on  [circa  1848]  at  the  eastern  and  western  extremities  of 
the  district,  at  Cornelly  or  Jones  vein  [see  p.  516]  in  the  neighbourhood  of 
Kenna,  and  at  the  Beck  with  vein  in  ulen  Rushen.  The  Cronck  Vane  * 
mine,  more  in  the  centre  of  the  district,  on  the  brow  of  the  hill  betwixt 
Slieauwhallin  and  South  Barrule,  a  few  years  ago  was  worked  with  very 
great  results.  The  miners  apnear  to  have  fallen  in  vrith  one  of  those  great 
sops  or  masses  of  ore  which  1  have  noticed  in  the  body  of  this  work  as 
generally  characteristic  of  limestone  districts,  but  which  appears  as  a 
peculiar  feature  of  this  schistose  country  also." 

"At  the  time  of  my  visit,  in  company  with  Professor  Ansted,  three  years 
ago,  the  depth  attained  into  the  body  of  ore  was  88  fathoms^  the  width  of 
the  vein  or  mass  at  its  centre  being  24  feet,  thinning  off  to  the  E.  and  W. 
to  about  4  feet.  The  length  of  this  body  of  productive  ore  was  14  fathoms. 
The  vein  had  generally  a  southerly  dip,  the  walls  being  very  clean,  and 
presenting  in  several  places  extensive  apiKjarauces  of  slickenside.  There 
IS  very  little  gossan  ui)on  these  veins,  and  not  in  general  any  indication 
of  their  presence  till  the  workman  comes  directly  upon  the  body  of  lead. 
The  prediction  of  Professor  Ansted  at  that  time,  respecting  the  duration 
of  the  working  at  the  Cronck  Vane  Mine,  seems  to  have  been  fully  verified, 
as  I  found  on  my  last  visit  to  the  place  the  works  abandoned." 

"  The  number  of  men  and  boys  employed  at  the  mines  of  this  company 
in  different  parts  of  the  district  is  generally  about  350,  and  the  average 
raising  of  ore  for  the  last  ten  years  has  been  about  2,400  tons  per  annum. 
The  product  gives  about  70  i)er  cent,  for  lead  and  9  ozs.  silver  i^r 
ton."  ^ 

Since  the  above  was  written,  the  operations  on  the  eastern  and  western 
extremities  of  the  Foxdale  lode  and  on  the  Cornelly  (afterwards  known  as 
Townsend)  vein  have  gradually  been  suspended;  and  for  many  years  past, 
work  has  been  confined  to  deep  mining  on  the  site  of  the  earliest  workings 
close  to  Foxdale  village.  An  admirable  record  of  the  later  history 
of  the  mines  of  the  district  is  contained  in  the  series  of  reports  made 
annually  between  the  years  1857  and  1888  by  Mr.  (Sir)  W.  W.  Smyth,  as  the 
result  of  hisjpersonal  examination*  these  are  preserved  in  manuscript  at 
the  London  (jffice  of  Woods  and.  Forests,  and  in  the  context  will  be 
largely  drawn  upon  for  information  respecting  workings  which  are  now 
inaccessible. 

In  1867,  D.  Forbes  in  describing  3  the  occurrence  of  Polytelite  (Silber- 

*  This  refers  to  Cross's  Mine  (Cross  Vein  of  6-inch  Ordnance  Map,  Sh.  12), 
^  mile  west  of  Doarlish  Head. 

»  "  Isle  of  Man,"  p.  309. 

^  "  Researches  in  British  Mineralogy,"  Phil.  Mag.,  4th  ser.,  vol  xxxiv 
pp.  350-4. 
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fahlerz)  from  the  Foxdale  mines,  gave  a  short  account  of  the  character  (d 
the  lode.  He  stated,  on  the  autnority  of  Mr.  J.  L.  Thomas,  that  the  polv- 
telite  occurred  in  the  most  easterly  workings  of  the  mine  where  the  lode 
ran  out  of  slate  into  (p^nite,  the  minerals  associated  with  it  bein^  galen^ 
chalcopyrite,  iron-pyntes,  zinc-blende,  ouartz,  dolomite,  chalybite  and 
calcite.  Mr.  Forbes  gave  an  analysis  of  tne  polytelite,  showing  it  to  con- 
tain 13*57  per  cent,  of  silver.  His  remarks  on  the  granite  and  on  the 
reported  occurrence  of  gold  in  the  locality  will  be  aUuded  to  on  a  sabse- 
queot  page  (ja,  549). 

in  1880  Mr.  (Sir)  W.  W.  Smyth  gave  an  account  of  the  general  features 
of  the  lode  in  a  raper  **  On  the  occurrence  of  Feather  Ore  (Plumosite)  in 
Foxdale  Mine."  ^  The  following  passa^-are  quoted  from  this  paper  ts 
supplying  an  excellent  and  authoritative  description  of  the  vein  and  its 
rare  mineral,  plumosite : — 

**  The  masterly  lode  of  Foxdale  has  been  worked  for  some  four  mile&  not 
quite  continuously,  on  its  east  and  west  course  and  to  an  extreme  depth 
nearly  approaching  200  fathoms  "  [since  carried  to  290  fathoma,  see  seq.]. 
"It  varies  in  character,  and  often  within  short  distances,  to  as  great  an 
extent  as  perhaps  any  lode  that  could  be  cited  ;  sometimes^  as  at  Branritha, 
a  body  of  more  or  less  orey  material  of  5  or  6  fathoms  m  width,  in  other 
parts  exhibiting  powerful  ribs  of  solid  galena  with  several  tons  of  ore  to  the 
running  fathom,  again  parting  into  parallel  branches  of  an  ordmary  lead 
ore  on  the  south  wall,  and  others  of  a  highly  ai^gentiferous  variety  affecting 
the  north  side,  and  oiten  with  from  2  to  6  fathoms  of  lode  material  between 
them.  Between  the  courses  and  shoots  of  ore  is  encountered  (and  some- 
times unfortunately  for  very  long  distances)  a  quantity  of  unproductive 
ground  in  which  detrital  kiUas.  or  granite,  and  ribs  of  cnalvbite  (carbonate 
of  iron),  and  singular  veins  ana  seams  of  an  indurated  black  clay,  form  the 
chief  constituents.  This  latter  material,  cutting  sharply  against  some  of 
the  other  lighter  coloured  substances,  gives  rise  to  appearances  very  instrnct- 
ive  as  regt^tis  successive  openings  and  fillings  of  parts  of  the  lode,  and 
reminds  one  of  the  so-caUed  glauclu  which  plays  a  similar  part  in  the  small 
but  rich  veins  of  tellurium  and  ^la  at  Nagyag  in  Transylvania." 

"  Furthermore,  the  variation  m  appearance  is  added  to  by  tiie  fact  th&t 
whilst  the  country  rock  has  mostly  been  killas,  the  Old  Foxdale  Mine 
encountered  granite  at  a  medium  depth — in  some  places  only  on  one  wall, 
and  is  now  openin|;  in  many  successive  levels  in  a  solid  mass  of  that  rock. 
No  sudden  alteration  has  been  produced  by  the  change  of  '  country ' ;  but 
fluor  spar  is  abundant  in  some  of  the  western  drivings,  and  in  the  deeper 
levels  the  main  or  south  part  of  the  lode  appears  to  be  more  frequently 
than  elsewhere  a  matrix  of  grey  quartz.^  In  these  deeper  levels  a  new 
and  unusual  feature  has  been  the  emanation  of  a  gas,  probably  carbonic 
acid,  from  the  crevices  of  the  south  wall  of  the  lode;  wnich  has  the  effect 
of  instantly  quenching  the  flame  of  the  candle,  and  at  times  had  inter- 
fered with  the  work  for  dajrs  together." 

**  The  chief  engine  shaft  is  Bawdens,  and  to  the  west  of  this,  10  to 
20  fathoms,  about  the  100-fathom  level,  in  a  series  of  '  pitches '  extending 
up  to  the  Siy,  soon  above  which  the  killas  comes  in  as  'country,' is  the 
part  of  the  mine  in  which  the  Plumosite  has  been  found.  Its  habitaJt 
r»ppears  to  be  on  the  north  side  of  the  south  part  of  the  great  lode.  In 
other  portions  of  the  mine^  ^bout  the  *  old  shaft'  furtiier  east  than  the 
above,  the  well  known  antimonial  ore  of  copper,  called  fahlerz  or  tetm- 
hedrite,  has  been  met  with  in  spots  and  branches,  notably  at  Uie  100 
and  115-fathom  levels;  and  the  frequent  tendencv  of  Uiu  mineral  to 
contain  a  large  percentage  of  silver  has  no  doubt  had  something  to  do 
with  the  unusual  value  for  silver  of  the  galena  of  some  of  the  northern 
parts  of  the  lode.  These  have  in  fact  assayed  at  times  from  100  to  above 
200  oz.  of  silver  to  the  ton  of  lead,  and  have  thus  in  many  places 
admitted  of  being  worked  in  thin  strings,  and  in  hard  ffrounc^  where 
common  lead-ore  would  not  have  paid  to  work.  It  mi^t  have  been 
expected  that  the  two  antimonial  minerals,  the  fahlerz  and  the  plumosite, 

^  Trans.  Roy.  Greol.  Soc.  of  Cornwall,  vol.  x.,  pp.  82-89. 
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Would  stand  in  some  relation  to  each  other.  It  is  true  thejr  both  occur  at 
nearly  the  same  level ;  but  where  the  latter  has  been  footed  there  is  no 
trace  of  the  former." 

"  The  plumosite  is  associated  with  a  fine-grained  galena,  and  a  vuggy 
or  cellular  quartz,  with  many  transparent  crystals ;  it  occupies  these 
vugs,  seldom  filling  them  up  entirely,  but  usually  attached  by  one  por- 
tion, whilst  the  remainder  floats  loosely.  Its  appearance  is  much  like 
that  of  a  piece  of  dark  cotton  wool,  sometimes  like  a  little  wreath  of 

amoke. A  closer  examination  will  reveal  multitudes  of  the 

finest  spiculae,  bright  grey  metallic-lustred  hairs  confusedly  flung  together, 
and  sometimes  so  felted  into  one  plane,  the  prisms  crossing  in  different 
directi(His,  as  to  look  like  a  bit  of  rag  or  woven  cloth.  The  colour,  however, 
ia  always  grey,  and  hence  differs  at  once  from  the  Zvmderer^  or  Tinder  ore 
oi  the  German  mines,  in  which  a  notable  proportion  of  silver,  about  2'56 
per  cent.,  is  revealed  by  the  reddish  colour  due  to  an  admixture  of  the 
mineral,  Ruby  silver  ore.  One  or  two  of  the  specimens  had  a  slight  touch 
of  that  dull  red  colour  which  characterises  the  Zwndererz  ;  but  in  view  of 
the  minute  Quantity  of  the  mineral  it  is  difficult  to  decide  whether  the 
redness  may  oe  due  to  one  of  the  *  ruby  silvers'  or  to  kermesite." 

**  Under  the  microscoi)e  the  prisms  come  out  distinctly  ;  but  it  is  difficult 
to  be  satisfied  about  their  terminal  faces.  Other  very  curious  features  are 
now  discemible  ;  the  hairlike  prisms  often  affect  curvilinear  forms  ;  arcs  of 
circles  and  parabolas  are  not  infrequent,  and  in  some  cases  a  coil  of  the 
microscopic  hairs  forms  a  perfect  rmg  of  very  uniform  thickness.  The 
long  crystals  are  flexible  ana  elastic^  and  those  which  are  anchored  at  one 
end  will  be  seen  to  wave  to  and  f ro  m  a  current  of  air.  Some  of  these  are 
adorned  with  minute  bright  crystals  set  at  intervals  upon  them  like  beads 
upon  a  string.    These  latter  appear  to  be  cubical,  and  may  probably  be 

pyrites. I  cannot  but  regard  it  as  a  singular  curcumstanc*, 

under  the  data  which  we  at  present  possess,  that  this  new  occurrence  of 
plumosite  ^ould  be  connected  exclusively  with  galena,  quartz,  and  their 
usual  associates.    .     .     .     .     .     The  plumosite  is,  in  point  of  date  of 

deposition,  the  last  mineral  which  has  been  formed  in  the  little  caverns 
of  the  lode,  amd  its  delicate  fhres  and  webs  seem  to  indicate^  whatever 
process  we  may  call  in  to  explain  their  origin,  a  period  of  quiet  and  undis- 
turbed action.  ^ 

The  emanation  of  carbonic  acid  gas  from  the  lode,  referred  to  Iw  Smyth 
in  the  above  account,  was  more  fully  described  by  Dr.  C.  Le  Neve  Foster  in 
1883.'  who  noticed  the  phenomenon  in  a  cross-cut  in  granite,  14  fathoms 
soutn,  from  the  185  fathom  level  of  the  mine.  Dr.  Foster  mentions  in  this 
paper  that  there  had  been  a  similar  issue  for  a  fortnight  from  a  vug  in  the 
sofe  of  the  80  fathom  level  of  the  Townshend  (Cornelly)  Mine  three  years 

Pireviously,  and  that  small  escapes  of  the  same  gas  had  been  reported  from 
lochs '  in  the  Great  Laxey  Mine. 
The  further  literature  relating  to  the  Foxdale  mines  includes  a  short 
general  description  of  the  lode  in  1890  by  Prof.  W.  Boyd  Dawkins ';  and  the 
brief  accounts  to  be  found  in  most  of  the  larger  British  text-books  on  Ore- 
deposits  ;  e.g,y  J.  A.  Phillips'  "Treatise  on  Ore  Deposits,"  pp.  304-6 
(2nd  ed.,  London,  1896) ;  C.  Le  Neve  Foster's  "  Text-book  of  Ore  and 
Stone  Mining,"  pp.  335-8  (Lond.,  1894). 

While  this  memoir  was  in  the  press  a  short  note  on  the  mines  by  Capt. 
W.  H.  Kitto  of  Foxdale,  read  in  1892  before  the  Isle  of  Man  Nat.  Hist,  and 
Antiq.  Society,  has  been  published  (Yn  Lioar  Manninaffh,  vol.  ii..  1901, 
p.  32).  The  tollowing  is  Capt.  Kitto's  description  of  the  lodes: — "There 
ve  several  lodes  in  Okl  Foxdale,  but  the  two  principal  bearing  ones  called 
the  North  and  South,  are  very  dissimilar— the  former  hard,  with  all  its 
ore  highly  charged  with  silver,  ranging  from  50  to  400  ounces  per  ton,,  and 

^  Italics  not  in  the  original. 

»  Trans.  Roy.  Qeol.  Soc.  of  Cornwall,  vol.  x^  pp.  175-6. 

3  "  On  the  clay  slates  and  phyllites  of  the  South  of  the  Isle  of  Man,  and 
a  section  of  the  Foxdale  Mine."  Trans.  Manch.  GeoL  So«.,  vol.  xx., 
pp.  53-56. 
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at  time?  kavin^  small  quantities  of  Tetrahedrite  or  Fahleil,  an  ore  of 
copper  and  antimony  averagine  from  3,000  to  4,000  ounces  of  silver,  wlulat 
the  South,  or  soft  doukev  lode,  by  its  siae  yields  comparatiTely  little  silver, 
but  a  eroater  Quantity  of  lead  ore." 

With  regara  to  the  occurrence  of  Plumosite  in  the  mine,  Gapt  Kitto 
gives  tho  following  additional  information:— '^Plumosite  was  first  duoovered 
in  the  western  p^  of  these  mines  at  the  86  fathom  leveL    It  is  aasociated 
with  fine-grained  galena,  and  a  vu^^  quartz,  with  transparent  eiystals ; 
......    B^ntly  *we  have  cusoovered  it  in  the  eastern  part  of  the 

mine,  about  60  fathoms  deeper,  in  grey  quartz  and  kilLas,  with  both  sidei 
of  the  lode  corapcM^  of  granite.  We  have  not  found  it  in  large  qnantitiai^ 
and  never  entirely  in  granite,  but  always  in  the  locality  <h  lead  rich  in 
silver."    (Op.  cit.  p.  33.) 

The  annual  output  of  ore  from  the  mines  since  1845  has  been  published 
in  "  Mineral  Statistics "  and  other  official  records,  and  from  these  sounxi 
tJie  Table  given  on  p.  512  has  been  compUed.  The  periodical  reports  of  the 
mana^rs  of  the  mines,  giving  full  details  of  the  progress  of  the  wix^diiA 
have  K)r  some  years  past  been  .reproduced  in  extenso  in  the  local  weeklj 
newspapers  published  in  Douglas.  Files  of  these  newspapers  may  be  coo- 
suited  in  the  Douglas  Free  Library. 


DESCRIPTION  OF  THE  WOSKIVOS. 

The  main  Foxdale  lode  has  been  worked  almost  continuously,  by  s 
string  of  shafts  extending  from  Glen  Rushen  on  the  west  to  a  little  to  the 
eastward  of  Foxdale  village  on  the  east,  a  distance  of  about  2}  miles,  with 
outworkings,  on  a  supp(»ed  prolongation  of  one  of  its  branches  at  Eaiiy 
i  mile  still  farther  eastvirard.  Its  leading  characteristics  have  been  given  in 
he  preceding  general  description  and  m  the  passages  quoted  m>m  Sir 
W.  W .  Smytns  account  of  the  mines.  It  has  a  persistent  southerly  underiie, 
and  in  the  central  portion  of  its  course,  where  best  defined,  strikes  in  an 
average  direction  of  E.  3°-5'  N.  to  W.  3*-5'  S.  Both  eastward  and  west- 
ward it  splits  into  branches,  and  is  lost  in  confused  and  broken  ground.  In 
spite  of  repeated  searches  (some  account  of  which  is  given  on  pp.  546  and 
548)  it  li:is  not  been  traced  west  of  the  stream  in  Glen  Rushen,  and  the 
most  westerly  working  to  yield  a  profitable  quantity  of  ore  is  the  Beck  with 
Mine,  400  vards  east  of  that  stream,  at  an  altitude  of  about  650  feet  above 
ordnance  datum. 

The  diagram  overleaf,  based  on  the  plans  in  the  possession  of  the  Isle  of 
Man  (Foxdale)  Mining  Company,  will  serve  to  show  the  position  and  depth 
of  the  shafts  on  the  main  lode,  and  the  lie  of  its  principal  branches  and 
cross-courses  (Fig.  110.) 


Beckwith^s  Mine. 

The  following  account  of  the  discovery  of  the  riches  of  this  temporarilf 
productive  T)or$on  of  the  vein  was  given  by  the  late  Mr.  W.  Beckwitn 
under  the  date  April  9th,  1881,  and  printed  in  the  prospectus  of  the 
"  New  Foxdale  Mining  Syndicate  "  (Garth  Trial,  see  p.  515^ : — 

"  The  Beckwith  vein  was  discovered  by  the  driver  of  a  nay-cart  crossing 
the  west  side  of  South  Barrule,  who  found  a  solid  lump,  of  lead-ore  in  the 
wheel-track ;  this  induced  me  to  make  a  search  in  the  nei^bourhood,  whea 
I  discovered  ore  among  the  roots  of  the  heather,  and  immediately  put  two 
men  to  work  who,  on  the  follomng  day  opened  up  tho  ore^  and  about 
650  tons  were  raised  before  sinking  was  commenced.  The  ultimate  result 
of  this  discovery  was  a^ut  50,000  tons  of  lead-ore  which  realised  about 
three  Quarters  of  a  million  sterling."  ....  "Like  all  veins  in  the  Isle  <rf 
Man  this  enormous  yield  was  irregular  in  its  deposit,  from  the  surface 
down  to  the  70-fathom  level  the  vein  averaging  from  10  to  15  feet  vride  and 
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producing  fully  15  ions  of  lead-ore  to  the  fathom,  in  the  next  20  fathoms 
the  vein  grew  poor,  but  on  pei-severing  with  the  sinking  the  ore  was  again 
cut  into  at  the  90-fathom  level,  this  new  dei)osit  l)eing  more  pixxluctive 
than  before,  in  places  fully  26  feet  wide  and  yielding  30  tons  ore  to  the 
fathom.  Tnis  great  productiveness  continued  for  another  50  fathoms  down 
when  the  mine  again  became  yooTj  evidently  from  the  same  causes  that 
existed  in  the  levels  above." 

In  spite  of  its  magnificent  commencement,  the  deeper  part  of  the  mine 
and  the  lateral  workings  proved  entirely  unprofitable  and  it  was 
abandoned  about  1866,  though  an  attempt  was  made  15  or  20  years  later  to 
form  a  company  to  restart  it.  The  main  or  *  Beckwith's '  shaft  attained  a 
depth  of  about  185  fathoms  from  the  surface,  intercepting  the  *  old  day-level ' 
at  15  fathoms  and  the  *  new  day-level '  at  about  35  fathoms,  with  levels  at 
16,  30,  45,  60,  75,  90,  102,  117.  132,  and  147  fathoms  l)elow  the  new  day- 
level.  The  ore-body  seems  to  nave  been  very  limited  in  lateral  extent 
throughout,  lying  cniefiy  to  the  eastward  of  the  main  shaft,  having  a 
general  trend  westward,  and  disappearing  in  depth  below  the  102  fathom  level. 
The  vein  appears  to  be  a  southerly  branch  of  the  Foxdale  Lode,  and  strikes 
S.  10^  W.,  with  a  southerly  underlie.  A  supposed  north  branch,  200  to 
301)  yards  north  of  Beckwith's,  striking  approximately  E.-W..  has  been 
recognised  by  the  miners  as  the  *  North  Gill  Lode,'  and  tested  in  several 
places,  but  without  profitable  result.  These  converging  branches  are 
supposed  to  fall  togetner  in  the  vicinity  of  Cross's  Mine  (see  belowj. 
Besides  these  E.-W,  veins,  a  productive  cross-course  striking  nearly  north 
and  south  (N.  3'  W.),  named  *  Wardell's  North  Lode,'  occurs  at  the  Beck- 
with  Mine,  and  was  worked  by  N.-S.  levels  from  that  shaft,  yielding  ore 
chiefly  between  the  60  and  90  fathom  levels.  In  view  of  the  importance  of 
determining  the  relative  ages  of  these  veins,  I  made  special  inquiry  as  to 
their  intersection,  and  was  informed  by  Captain  J.  Kitto  that  the  N.-S. 
(Wardell's)  lode  was  found  to  be  shifted  about  3  fathoms  eastward  on  the 
south  side  by  the  E.-W.  (Beckwith's)  lode.  Their  relations  are  thus  the 
same  here  as  in  the  Laxev,  Snaefell,  and  Ballaoorkish  mines  where  the 
N.-S.  veins  are  displaced  by  later  E.-W.  *  slides '  or  faults ;  with  this 
difference,  however,  that  whereas  the  *  slides'  of  those  mines  are  almost 
invariably  barren,  in  this  case  the  E.-W.  vein  constitutes  the  most  pro- 
ductive part  of  the  mine. 

The  'country'  rock  of  the  mine  is  a  highly  sheared  sericitic  striped 
slate,  which  merges  westward  into  the  dark  blue  homogeneous  *  Barrule 
Slate '  (p.  53)  of  Dalby  Mountain,  and  eastward  into  a  belt  of  altematelv 
slaty  and  gntty  flags.  The  prevalent  dip  of  these  rocks  is  at  a  high 
angle  towards  N.N.W.,  but  in  the  vicinity  of  the  lode  and  between  its  two 
branches  north-north-easterly  dips  occur  in  several  places.  In  the  spoil- 
heap  were  noticed  f ra^ents  of  one  of  the  common  basic  (*  older  green- 
stone ')  dykes  crushed  into  a  schist,  but  no  trace  of  the  Foxdale  granite  or 
its  elvans  exists  in  this  locality.  The  ground  around  the  mine  is  more  or 
less  drift-covered  (p.  458),  and  it  is  only  in  the  glens  that  the  rocks  are 
well  exxK)sed. 

During  the  later  stages  of  its  activity  the  Beckwith  mine  was  annually 
examined  by  Sir  W.  W.  Smyth,  and  as  it  has  now  fallen  to  ruin  and  its 
workings  are  jjuite  inaccessible,  a  few  notes  drawn  from  the  MSS.  reports 
of  this  authority  may  prove  useful. 

In  the  report  for  1857  it  is  mentioned  that  down  to  below  90  fathoms 
the  mine  had  been  marvellously  rich,  but  that  the  lower  levels,  at  117.  132, 
and  147  fathoms,  had  been  driven  on  a  lode  showing  hardly  any  trace  of  ore ; 
and  that  a  great  drawback  was  found  in  the  enormous  amount  of  timber 
required  and  its  rapid  destruction  by  dry  rot  as  well  as  by  the  heavy 
pressure  of  the  strata.  The  N.  ana  S.  cross- vein  had  been  opened -to 
160  fathoms  S.  of  the  shaft  in  the  75  fathom  level,  and  a  course  of  ore  got 
in  the  same  vein  in  the  60  fathom  level  N.  In  1858  reference  is  made 
to  a  trial  known  as  Wkht  Beckwith's  at  the  western  i^art  of  the  Foxdale 
sett,  where  a  shaft  had  l>eeii  sunk  13  fathoms  on  a  large  lode  filled  with 
black  clay-slate,  but  without  ore.  In  1859  it  is  noted  that  in  the  principal 
mine  the  total  poverty  of  the  lower  levels  had  been  a  little  relieved  by 
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some  small  sprigs  of  galena  at  the   132  level   in  the   west  crnsa-cnt,  and 
that  the  117  level  had  some  very  good  ore  on  the  N.  part  of  the  lode,  Oo 
the  "  WardelPs  "  cross-course  the  75  level  was  out  200  fathoms  S.,  while  tk 
GO  and  75  N.,  both  poor  at  the  endj  had  passed  through  "a  long  runuf 
tolerably  good  ground  which  will  yield  material  for  stoping.^    At  West 
Beckwiths  a  level  had  been  driven  £.  for  50  fathoms  ''m  black  sbJe 
with  a  little  quartz,"  and  doubt  was  expressed  whether  it  was  in  the  lode 
at  all.     In    1862  it  is  stated  that  **  great  lengths  of   gallery  have  been 
opened  beneath  the  formerly  rich  parts  of  the  lode  without  findinc  any 
noticeable  ore  "  j  and  detailed  accounts  of  the  1 17, 132  and  145  fathom  kTdEi 
are  given,  showing  a  total  length  of  unproductive  driving  of  "about  317 
fathoms."    The  re|)orts  for  the  ensuing  years  record  the  gradual  cessation  of 
all  work  except  that  of  driving  the  adit  eastward,  according  to  covenant,  to 
connect  with  Cross's  Mine,  1^200  yards  E.  of  Beckwith'a.     In    1877  tiie 
inspection  of  this  adit  is  descnbed  ;  it  was  reached  by  descending  the  main 
shaft  to  40  fathoms,  and  followed  for  345  fathoms,  to  the  end,  which  vai 
in  very  confused  gi-ound  "  where  the  two  lodes,  the  main  one  and  the  Nortk 
Gill  are  closing  together " ;    it   was  now  within  50   fathoms  of  the  old 
workings  at  Cross's  Mine^  and  was  barren  of  ore,  nor  was  any  seen  in  the 
numerous  cross-cuts.    This  level  is  also  referred  to   in  the  two  following 
years,  after  which  the  mine  is  not  again  mentioned. 

Cross's  mine. 

This  mine,  the  position  of  which  has  just  been  indicated,  lies  at  an 
elevation  of  above  830  feet  above  CD.  This  is  evidently  the^Cronck 
Vane  mine '  described  by  Gumming  in  the  passage  above  quoted  (p.  SOU 
Its  history  appears  to  have  been  a  repetition  of  that  of  BeckwiUi's  Mine  on 
a  smaller  scale — a  good  but  limited  ore-bodv  having  been  met  wi^  in  the 
upper  workings  ;  and  poverty  below.  It  does  not  seem  to  have  been 
worked  since  its  abandonment  at  the  date  noted  by  Gumming.  Hie 
mine  consisted  of  two  shafts  80  yards  apar^  viz.,  *  Engine  Shaft' on 
the  west  and  *  Whim  Shaft '  on  the  east ;  with  levels  at  20,  30,  40,  SO^ 
65  and  80  fathoms.  The  ore-body  descnbed  by  Gumming  lay  mainly 
l)etween  the  two  shafts,  and  was  lost  below  the  65  fathom  level,  and  abo 
in  the  drivings  east  and  west  of  the  mine.  The  longest  or  pioneer  kvdi 
were  the  80  fathoms,  which  went  79  fathoms  west  from  *  Engine  ^laft, 
and  the  50  fathoms,  which  was  driven  95  fathoms  east  of  *Wlun 
Shaft '  and  ended  in  barren  ground  about  50  fathoms  short  of  the  nxiit 
westerly  driving  from  Dixon's  Mine.* 

Dixon's  Mine. 

This  mine,  lying  to  the  east  of  Gross's  at  a  distance  of  only  400  or  500 
yards,  was  worked  by  two  shafts  280  yards  anart,  with  levels  at  17, 3K^ 
and  47  fathoms  in  the  'Endne  (western)  Shaft,'  and  at  17  fath(HttsiB 
the  *  East  Shaft.'  '^  The  day-level  was  reached  by  a  cross-cut  from  the 
little  valley  north  of  the  mine.  As  in  the  mine  last  described,  tke 
workings  were  wholly  in  slate  ;  very  little  ore  appears  to  have  been  foond. 
Smyth  mentions  it  in  his  i-eport  for  1857  as  having  b^n  sunk  to  the  47 
fathom  level,  but  with  nothing  of  promise  in  sight ;  and  in  the  foUowinj 
year  describes  it  as  a  "  great  disappointment,"  some  productive  ribs  «t 
the  17  fathom  level  having  gone  out  in  the  32,  and  on  the  soutii  side 
there  was  siuiilar  deterioration  below  the  adit  level.  In  1865  we  kan 
on  the  same  authority  that  after  being  for  many  years  abandoned  • 
shaft  and  adit  were  reopened.  In  18b'7  the  adit  had  been  cleared  for  do 
less  than  2CX)  fathoms,  and  the  17  fathom  level  opened,  with  a  httle 
lead  westward,  but  on  the  east  for  scores  of  fathoms  without  showing  i 
speck  of  ore ;  from  the  34  fathom   level  a  cross-cut  had  been  driven  ool 

*  Infonnation  from  mining  plans  in  the  ot!i<e  of  the  Foxdale  Company. 
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in  which  it  was  difficult  to  recognise  the  limit-i  of  the  lode  ;  and  only  a 
few  tons  of  ore  in  all  had  been  raised  from  this  new  undertaking.  In 
1868  it  is  noted  that  only  a  cross-cut  at  the  44  level  was  driving ;  and 
this  is  the  last  mention  of  the  mine  in  the  reports. 

Foxdale  (Old  Foxdale)  and  associated  Mines.  ^ 

In  following  the  lode  eastward  from  Dixon's  we  descend  into  the  Foxdale 
valley  by  a  steep  slope  on  which  there  have  been  a  few  shallow  unproductive 
trials  in  the  slates.  The  Foxdale  Mines,  from  which  by  far  tne  greater 
proportion  of  the  mineral  produce  of  the  lode  has  been  obtained,  lie  at 
the  foot  of  this  slope  at  altitudes  of  between  400  and  450  feet  above  sea- 
lereL  The  principal  shafts  now  in  operation  are— Bawden's  the  most 
westerly,  with  the  bottom  level  at  260  fathoms  ;  Beckwith's,  with  the 
bottom  at  290  fathoms' ;  and  Potts,  the  most  easterly,  with  the  bottom  at 
900  fathoms.  The  distance  in  a  straight  line  between  the  first  and  last- 
mentioned  is  750  yards,  and  the  extreme  length  of  the  underground 
wfMrkin^  from  end  to  end  in  1897.  was  1,510  yards  ;  the  pioneer  level  west- 
ward being  the  170  fathoms,  whicn  went  320  fathoms  west  of  Bawden's  and 
am>roached  within  about  175  fathoms  of  the  overhead  position  of  the  east 
snaft  at  Dixon's  Mine ;  and  the  pioneer  east,  the  127  level,  goin^  435 
fathoms  east  of  Bawden's.  The  above-mentioned  shafts  are  sunk  vertically 
on  the  southern  side  of  the  outcrop  of  the  lode,  and  intercept  it  on  the 
underlie.  They  commence  in  slate,  but  pass,  at  varying  depths^  into  granite, 
as  shown  in  the  section  (Fig.  1 10,  p.  507),  their  lower  workings  being  entirely  in 
the  igneous  rock. 

In  the  higher  part  of  the  mine  the  slate  is  traversed  by  el  vans  springing 

from  the  granite,  which  render  the  shelving  upper  surface  of  the  intrusion 

ragged  and  uneven,  just  as  it  is  seen  to  be  at  its  outcrop  on  the  hill-top  south 

of  the  mines.     Unfortunately  the  old  upper  levels  which  traversed  the 

janction  of  the  intrusive  rock  with  the  slate  are  now  mostly  inaccessil)le, 

and  it  is  only  at  a  few  points  that  the  contact  can  be  studied.     A  few 

details  resi>ecting  them   may  be  gleaned,  however,  from  Snij^h  s  rei»orts, 

quoted  in  tne  context.    The  junction  was  seen  by  the  writer  in  1896,  in  a 

eroes-cut  in  the  115  fathom  level,  at  the  eastern  end  of  the  mine,  and  there 

allowed  distinct  e\4dence  of  faulting,  the  granite  l>eing  separated  from  the 

alate  by  a  *  dowky '  slightly  slickensided  vein  an  inch  or  two  wide  ;  but  the 

▼ertical  displacement  did  not  appear  to  \>e  great    As  previously  mentioned 

tbe  lode,  of  which  this  vein  seemed  to  form  one  of  the  *  branches,*  is  rarely 

a  simple  fissure  but  a  belt  of  disturbed  *countr>','  with  more  or  less  parallel 

fractures  showing  nearly  horizontal  f»l  ckensides  and  containing  brecciated 

rock,  with  vein-stuff  and  ore  generally  in  ribs  but  occasionally  also  brecciated. 

The  granite  included  in  ana  adjacent  to  the  lode  has  undergone  partial 

decomposition,  and  it  softens  and  'bursts'  on    exposure   to  air  m  the 

workings ;    wnile    the   same    rock    exposed    in    cross-cuts   outside    the 

lode    remains    solid  and   very  little   altered.      The   rock   thus   affected 

is   rendered    somewhat    *platy'  by    numerous    joints    parallel    to    the 

▼^n,  some  of  which  exhibit  traces  of  movement ;  and  the  miners  appear  to 

regard  all  material  of  this  character  as  part  of  the  *  lode, '  ribs  of  ore  being 

likely  to  occur  anywhere  within  it.    The  *  bursting '  of  the  rock-faces  in 

the  workings  is  probably  due  to  the  felspars  having  been  decomposed  while 

under  restraint,  rapid  expansion  taking  place  as  soon  as  relief  is  obtained. 

The  ore-bodies  have  a  general  trend  aownward  towards  the  west.    The 

chief  minerals  associated  with  the  galena  in  the  vein-stuff  have    been 

enumerated  in  the  passages  already  quoted.    The  western  portion  of  the 

*  Our  thanks  are  due  to  Cant.  W.  H.  Kitto  and  Capt.  Lean  for  their 
courtesy  in  affording  us  facilities  for  atudjing  the  plans  and  under- 
ground workings  of  these  mines  and  the  plans  of  several  abandoned  mines 
in  the  neighbourhood ;  and  to  Capt.  J.  Kitto.  sen.,  for  information  in 
respect  to  many  of  the  older  workings  in  this  ana  other  parts  of  the  Island. 

*  Beckwith's  Shaft  has  now  a  level  at  305  fathoms,  ana  is  being  sunk  for 
a  320-fathom  level.    (August,  1902.) 
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mines  is  on  the  whole  character iijed  l»y  llie  presence  of  large  bodie 
coarseljr  crystalline  galena  i)oor  in  silver ;  and  the  eastern,  by  smi 
(luantities  of  fine-grained  ore  rich  in  silver.  With  regard  to  the  oocui 
presence  of  the  rarer  minerals,  silberfahlerz  and  plumosite,  we  learo  i 
Sir  W.  W.  Sm^h's  and  Capt.  Kitto's  notes  that  these  minerals  are  lin 
to  that  part  of  the  vein  which  lies  in  the  vicinity  of  the  junction  of  the  i 
with  the  granite. 

The  seam  of  "  indurated  black  clay  "  mentioned  by  Sir  W.  W.  Smyti 
a  peculiar  feature  of  the  lode  is  rarely  absent,  serving  the  miners  a 
indicator  where  the  vein  is  pinched  or  unproductive.  It  varies  from  ai 
fihn  to  a  thickness  of  2  or  3  inches,  and  widens  out  into  a  '  dowky '  ma 
the  vicinity  of  the  ore-bodies  ;  and  in  such  places  is  reixxrted  somel 
itself  to  contain  *  stones '  of  ore.  It  has  probably  been  Drooght  dow 
ftercolating  waters  from  the  overlying  slate  during  one  of  the  later  es 
sion-movements  along  the  fissure,  perhaps  at  the  same  time  as  the  del 
olmerved  by  Smyth  in  the  170-fathom  level  east,  which  exhibited 
peculiarity  of  fragments  of  killas  or  clay-slate  in  the  breccia  [of  the  1 
unexpected  80  deep  in  the  ffranite.**  (MSS.  Report  for  1884.  See 
descnption  of  the  155-fathom  level  quoted  in  the  context.) 

Between  Beckwith's  and  Pott's  shafts  the  lode  in  going  eastward  t 
into  two  branches,  and  to  the  eastward  of  the  Pott's  shaft  becomes  ob 
and  difficult  to  lollow.  The  abandoned  workings  farther  eastward 
sulwequently  be  described. 

Regarding  the  cross-veins  known  as  Magbe's  Vein  and  Flappt  \ 
which,  as  shown  in  Fig.  110,  are  about  140  yards  apart  and  strike  a 
the  main  Foxdale  lode  in  the  neighbourhood  of  Beckwith's  shaft,  ! 
information  is  now  procurable,  as  the  places  where  they  intersect  the  i 
vein  in  the  \i\}\HiT  levels  are  inaccesHible,  while  in  the  lower  levels  thej 
not  definitely  recognisable.  ^Ve  may  suppose  that,  like  WardelFs  N 
Loiie  at  Beckwith's  Mine  (p.  505)^  they  were  formed  at  an  earlier  date 
the  E.  —  \V.  main  vein,  as  otherwise  some  indication  of  displacement  of 
latter  at  the  intiTsection  would  prolmbly  have  been  noticed.  Both  ] 
yielded  lead  ore  in  limited  (luantities.  Flappy,  the  more  easterljr  of 
two  and  the  one  referred  to  l)y  Berger  (p  500X  is  shown  on  the  mining  [ 
as  having'  a  course  of  S.  '2-2  (leg.  E.,  with  a  westerly  dip.  It  was  followei 
150  fatlioins  southward  in  a  drivinc  from  the  20-fathom  level  K  of 
Engine  Shaft  of  Foxdale  .Mines,  and  had  also  three  levels,  viz.,  adit,  20 
30  fathoms,  from  a  shaft  on  the  lode ;  and  was  further  tested  by  worii 
050  yards  north  of  Foxdale.  Magee  s  strikes  S.  30  deg.  E.,  with  a  wesi 
dip,  and  therefore  converges  towards  Flappy,  with  which  it  is  supposec 
the  miners  to  unite  on  the  hillside  south  of  Foxdale.  It  is  no  doubt 
"  strong  vein "  west  of  "  Engine  Shaft "  shown  on  Twigg's  plan  of 
(l).  6(X)).  It  was  worked  on  a  small  scale  as  recently  as  1878,  by  a  i 
300  yards  S.  of  Foxdale,  as  described  by  Smyth  in  the  reports  qn 
below.  The  vein  is  supiKxsed  to  be  visible  at  the  surface,  in  the  s 
(quarry  at  the  margin  of  the  granite  mentioned  in  a  previous  cha 
(p.  165). 

The  tollowinc  information  illustrating  the  geology  of  the  main  lode  in 
older  iwirts  of  the  Foxdale  Mines  is  abstracted  from  the  annual  MSS.  re| 
of  Sir  VV.  W.  Smyth,  whose  interest  in  this  mine  was  always  keen.  In 
rei>ort  for  1 K57,  we  leiirn  resi)€cting  "  Old  Foxdale"  that  in  the  50  fatiiom  I 
a  part  of  the  lode  adjoining  a  dyke  of  granite  was  unusually  rich  in  si 
(up  to  3(X)  oz.  per  ton  of  lead)  and  that  to  the  west  of  the  [Ola  Engine]  a 
large  (piantities  of  sjmrry  iron-ore  formed  the  bulk  of  the  lode.  £  18W, 
Engine  Shaft  is  stated  to  be  about  4  fathoms  below  the  86  fathoms,  in  a  y 
hard  close-grained  granite,  and  the  lode  brecciated  on  a  large  scale, 
exhibiting  no  lead  ore;  while  in  the  72  level  west  there  was  an  excel 
lode,  "the  orey  parts  yielding  silver  in  very  variable  proportions, 
averaging  70  oz.  to  the  ton  of  lead."  In  1861.  the  last-mentioned  levc 
described,  in  which  "  a  cross-cut  south  near  the  end  has  entered  a  w! 
granitic  i)orphyTy,  and  found  a  small  south  vein  separating  the  latter  fi 
clay-slate;'  and  in  the  shaft,  now  at  96  fathoms,  "all  except  the  south  sid 
in  very  hard  ^ranito  ;  on  that  side  a  large  amount  of  sparry  carbonat 
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iron  is  visible,  which  I  ho|>e  promises  for  the  continued  strength  of  the  loilc 
in  descending. "  In  the  72  fathom  level  east,  some  of  the  galena  ran  to  the 
extent  of  180  ounces  per  ton  in  silver.  In  1862,  the  east  and  west  driving 
of  three  le.^els — the  86,  72,  and  60  fathoms — is  described,  "now  a^inst 
granite,  and  presently  against  slate'|  — "  varying  much  in  richness, 
but  on  the  whole  oJOfcring  to  view  a  noble  lode  of  highly 
argentiferous  lead  ore.**  In  1865,  the  deepest  level  was  the  100 
fathom,  which  was  105  fathoms  west  from  Engine  Shaft  in  a  fine 
lode  5  teet  wide,  between  soft  granite  walls,  and  rich  for  lead  ore,  but  was 
impoverished  east  of  the  shaft.  In  1866.  when  the  deepest  level  was  still 
the  100  fathom,  the  report  contains  the  following  passage  [regarding  which 
we  may  note  that  the  later  workings  have  fully  justified  Smyth's  judgment 
and  confidence]  : — "  It  becomes  now  an  interesting  (question  whether  the 
vein  will  be  as  productive  when  entirely  in  the  granite  as  when  passing 
between  alternations  of  that  rock  and  slate.  I  myself  see  no  a  pripri 
reason  to  doubt  that  it  will  be  as  good,  and  hence  look  forward  with  im- 
patience to  the  driving  of  a  deeper  level.''  In  1867  we  learn  that  the 
bottom  or  115  fathom  level  west  all  in  granite,  had  a  rib  2  to  8  inches 
wide  of  good  lead  ore,  but  not  rich  in  silver ;  while  specks  and  lumps  of 
fabl-ore  or  tetrahedrite  very  rich  in  silver  had  been  found  in  stopes  on  the 
100  fathom  east.  [This  concentration  of  the  ores  rich  in  silver  in  the  northern 
side  of  the  vein  near  the  junction  of  the  granite  and  slate  deserves  especial 
attention.]  In  1868,  it  is  noted  that  *'  this  is  the  second  year  during  which 
considerable  quantities,  amounting  to  8  or  10  cwt.  (in  the  rough)  of  highly 
argentiferous  fahlerz  have  been  raised  from  the  mine. "  In  1872,  the  72 
fraiom  level  west  under  the  mountain  [the  pioneer  level  at  that  time]  is 
dcwnibed,  in  which  a  cross-cut  north  for  20  fathoms  near  the  end  was  in 
hard  white  granite.  The  115  fathom  west  showed  in  one  place  "ore  of  a 
ffoesany  character  with  spiculse  of  cerussite  or  white  lead  ore,  rather  a  rare 
feature  at  such  a  depth."  Bawden's  Shaft,  now  10  fathoms  below  the  127 
fathom  level,  was  sinking  in  hard  granite,  *'  the  rock  exceedingly  obduratei 
but  showing  a  small  vein  of  hard  breccia  with  some  steel -grained  lead-ore. 
The  100  fathom  level  east  was  out  205  fathoms  from  "Old  Shaft,"  and  the 
lode  in  the  end  "full  of  clay  slate."  In  1873,  it  is  mentioned  in  regard  to 
the  end  of  the  86  fathom  level  east  that  "  here,  too,  the  walls  change  again 
to  soft  clay  slate."  In  1880  "  the  140  fathom  has  for  a  very  long  wav  been 
entirely  sterile — large  and  conglomeratic  in  the  end,  with  embedded 
stones  of  dark  granite";  and  the  west  ends  of  the  170,  155,  and  140, 
all  somewhat  alike,  show  "a  great  lode  of  disintegrated  white  granite 
seamed  by   small   veins   of   black    indurated   clay,    and   showing   only 

riks  of  lead  and  zinc  ore  with  a  little  quartz  and  traces  of  fluor.*' 
1881,  the  84  fathom  level  east  is  described  as  containing  "the 
finest  regular  rib  of  orey  ground  which  I  have  seen  in  the  mine,  the 
lode  ve»y  uniform  and  avera^nff  20  to  24  inches  wide  of  very  compact 
galena  of  medium  richness  and  silver."  In  1882.  Beckwith's  Shaft  had  been 
sank  40  fathoms  "in  rather  hard  schist."  In  1883,  the  127  E.  at  190 
fathoms  from  Old  Shaft  had  a  lode  3  feet  wide,  "  tvith  a  coppet'-bearinq 
branch  [unusual  in  this  mine],  and  strings  of  dark  quartz  containing  steel- 
grained  ore,  and  a  little  of  the  silvery  fan) -ore."  The  adit  driven  westward 
to  prove  the  ground  under  the  mountain  was  over  150  fathoms  long,  in 
*  douk '  or  argillaceous  vein-stuff  but  uniformly  poor.  In  1885,  it  is  noted 
that  all  the  workings  at  less  than  100  fathoms  were  stopped ;  the  140  E. 
showed  a  good  deal  of  white  barytes  and  chalybite,  witn  several  strings 
6  to  10  inches  apart  of  good  silvery  ore  ;  the  200  W.  had  laid  oj^en  "a 
magnificent  lode  of  ordinary  galena,"  "reminding  the  observer  of  the 
richest  of  the  Spanish  mines "  ;  and  surprise  is  expressed  that  the  new 
shaft  though  in  solid  granite  had  required  timber  for  half  its  length.  In 
I8865  when  some  of  the  eastward  deep  drivings  were  getting  out  of  the 
granite,  we  learn  that  the  127  level  snowed  bunches  and  strings  of  dark 
ore,  richer  than  the  average  in  silver,  and  "  very  much  like  Mexican  and 
Hungarian  ores"  ;  in  the  140,  E.  end,  there  was  "schistose  rock  on  both 
sides,  taking  the  place  of  granite "  ;  the  1 70,  cross-cut  8.  close  to  end, 
**  again  revealed  a  wide  body  of  schistose  rock  of  white  hue,  which  towards 
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the  end  lay  almost  flat  upon  grftnit«  "  [pcMsibly  a  hishly  sheared  aplited^ 
Bee  p.  165]  ;  while  the  185  level  had  granite  for  the  '  conntry '  on  both  ndet. 
In  I K87,  the  155  level  E.  "  presented  the  curious  feature  of  contorted  Hoe 
shiny  slate,  forming  the  l>ody  of  the  lode  against  a  graoite  foot-wall,  bat 
without  ore"  ;  the  215  E.  of  Bawden's  Shaft  had  "a  marvellous  lode'GW 
9  feet  wide,  capable  in  places  of  yielding  8  to  10  tons  ore  per  fathom.  "Hh 
last  of  these  reports  is  for  the  year  1888.  It  states  that  the  deepest  levol  «*i 
the  230  fathom  ;  that  the  170  E..  in  soft  killas  or  slate  roc^  had  a  croas-cnt 
a.  little  way  back  from  the  end,  driven  N.  for  4  fathoms  in  granite,  smm- 
times  very  pink  ;  and  that  in  the  127  K  on  the  N.  branch  of  the  vein,  btn 
a  curious  jumble  of  pyrites,  lead  ore  and  chalybite,  a  pvaltel  vwn  with 
highly  argentiferous  fine-grained  steel  ore  had  been  found  by  cutting  4 
fathoms  still  further  N.  urough  slaty  rock. 

Table  showing  Annual  Output  of  Silveb-lead  Ore  rKOM  thi 

FoxDALK    Misaa    Bktwben     1846    and     1900, 

Fnim  Mineral  StaiUticf  in  Men\.  Geol.  Swmt/,  vol.  it.  {/tir  1845  rt»d 
1847)  ;  Rtcord*  of  Ih*  School  of  Mine*,  vol. ».,  pi.  4  (/or  1848  to  185i); 
Uonu  Ojice,  Miiui-eU  Statittitt  (1853  to  1900). 


Silver 

Silver 

Ti-sr. 

Lead- 
ore. 

containec 

Valoe. 

Year. 

Lead- 

eontained 
Lead -ore. 

E.tiD»isi 

V.IM. 

Tons. 

Ounces. 

£ 

Tons. 

Ounce.»t 

£ 

IA45 

1,902 

No  data. 

1873 

1,433 

57,727 

18-18 

2,071 

1874 

1,673 

67,868 

31, .W8 

1817 

2,040 

1876 

1,723 

73,564 

STiftM 

lH4fl 

l.r>fi6 

1876 

1,607 

65.1  ai 

33,iW 

lAW 

1,527 

1877 

1.727 

87,700 

3i,3H 

iHrin 

1,340 

1878 

1,959 

53,453 

29.T;3 

IH51 

i,noo 

1879 

&fi,319 

3T,3KI 

IH.'>2 

1,600 

12,224 

s 

1880 

3,486 

49,799 

43,993 

1K.-J3 

1,750 

19,800 

z 

1881 

3,419 

69,080 

3a,14S 

1R-.4 

1,«00 

19,926 

1882 

3,211 

48.807 

3&3.W 

I8ri5 

2,03.'> 

26,756 

1883 

3.700 

48,100 

3.M00 

IH5C 

2.500 

35,513 

1884 

4,020 

51,525 

33.soa 

IftST 

2,125 

30,136 

1885 

4,670 

59,851 

43,100 

IBTiS 

1,820 

25,807 

1 

1686 

4,013 

51,435 

43,000 

]S.'>9 

1,650 

37,028 

1887 

4,322 

55,396 

41.5<N 

1860 

1.9M 

43,144 

1888 

4,009 

69,397 

Hfloo 

IHOl 

^•22^ 

56,008 

1 

1889 

4,185 

62,010 

44.400 

1BG2 

1,730 

53.900 

1690 

4,160 

61,640 

44,a)0 

1803 

1,716 

54,460 

1891 

4,700 

69,641 

46,900 

1804 

1,793 

65,173 

1892 

4,650 

73,550 

40,350 

1805 

1,590 

87,236 

1893 

4,650 

73,550 

sSion 

1866 

1,615 

65,608 

? 

1894 

4,800 

86,522 

34,430 

1807 

1,579 

70,675 

t* 

1895 

4,600 

00,359 

39,300 

186S 

1,774 

72,437 

1896 

4,250 

188,473 

36,700 

1869 

1,700 

69,059 

1897 

3,776 

76,697 

34,100 

1870 

1,800 

81,880 

1898 

3,610 

66,125 

34,000 

1871 

1,670 

75,032 

1899 

3,610 

62,515 

39,8C0 

1872 

1.734 

86,060 

1900 

3,610 

58,9W 

43.100 

Respecting  Macee-s  Minb,  Smyth  notes  in  165»  that  it  wa»  "  on  a  nor* 
and  south  lode,  in  which  a  winze  is  sinking  below  the  40  fathom  level.  Th 
vein*  are  here  in  the  midst  of  solid  granit«— mere  strings,  and  but  little  or 
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ia  raising  from  them."  The  mine  is  opt  mentioned  again  until  1868,  when 
had  three  ends  advancing,  and  was  yielding  some  10  to  13  tons  of  ore 
per  month.  In  1871,  we  learn  that  the  GO  fathom  level  was  driving  south, 
and  the  72  both  north  and  south,  and  the  shaft  was  being  deepened  ;  the 
lode,  generally  only  a  few  inches  wide  and  encased  in  very  hard  granite, 
had  opened  to  5  feet  wide  in  one  jjiirt  below  the  60,  and  also  provwl  con- 
tinuous beyond  a  disloc^iting  cross-course.  [The  last-mentioned  fact 
apparently  furnishes  another  example  of  the  displacement  of  N.-S.  lodes 
bv  E.-W.  faults,  and  lends  strength  to  the  supposition  advanced  above  as  to 
the  relations  of  this  vein  to  the  main  Foxdale  lode.]  In  1873  the  mine 
had  been  deefjened  to  84  fathoms,  but  the  vein  was  still  the  same  small 
string,  and  work  was  soon  afterwards  abandoned. 


Hodgson's,  otherwise  Faragher's  or  Louisa  Mine. 

This  mine,  the  latest  working  of  which  took  place  over  twenty-five  years 
ago,  lies  immediately  to  the  eastward  of  the  present  Foxdale  Mines.  The 
principal  (Louisa)  shaft  is  260  yards  east  of  Pott's  Shaft,  and  one  or  two  of 
the  higher  levels  are  connected  with  the  corresiiondiiig  levels  of  that  mine, 
the  two  shafts  having  at  one  time  been  worked  together^  under  the  name 
of  Faragher's  Mine,  on  the  south  branch  of  the  Foxdale  Lode.  The  Louisa 
shaft  was  sunk  to  a  depth  of  82  fathoms,  with  levels  at  10,  20,  38,  53,  67, 
and  82  fathoms,  the  pioneer  eastward  being  the  20  fathom  which  was 
carried  110  fathoms  east  of  the  shaft.  Two  small  pits,  respectively  50  and 
90  yards  east  of  this  shaft,  descended  only  into  the  up|jer  level  of  the  mine.* 
None  of  these  workinga  reached  the  granite,  slate  being  the  country- 
xock  throTighout  the  mine.  A  fair  quantity  of  ore  was  obtained  at  an  early 
period  in  its  history,  but  the  subsequent  o|>erations  were  unprofitable. 

Sir  W.  VV.  Smyth's  reports  contain  a  few  references  to  the  latest  working, 
from  which  the  following  details  are  taken.  It  was  in  ojeration  in  1860 
and  1861,  but  yielded  no  return.  In  1863  Smyth  notes  that  the  52  fathom 
level  was  driving  east  and  west  on  a  greatly  improved  lode,  with  an 
excellent  rib  of  lead-ore.  In  1865,  the  67  fathom  level  had  been  opened 
east  and  west,  with  only  an  unsatisfactory  quantity  of  ore.  In  1870,  the 
67  and  82  fathom  levels  were  equally  poor  at  ends,  but  there  were  "  stopes 
with  a  little  good  ore  in  the  midst  of  soft  killas  rock."  The  latest 
reference  to  the  mine  is  in  1674,  when  the  30  fathom  east,  having  been 
cleared,  showed  a  little  ore  here  and  there,  but  nothing  regular  ;  and  in  the 
72  and  84  levels  the  vein  was  "  too  small." 

To  the  eastward  of  this  mine  there  is  a  1^1 1  of  crushed  sericitic  slate, 
occupying  the  ground  up  to  the  depression  half  a  mile  distant  in  which 
the  Santon  River  has  its  source.  Numerous  shallow  trials  have  been  made 
without  success  in  this  tract  to  find  the  prolongation  of  the  lode.  As 
suggested  in  a  previous  chapter  (p.  166),  there  may  possibly  be  extensive 
transverse  faulting  in  this  hollow,  perhaps  the  continuation  of  the  eastern 
boundary  fault  of  nie  Peel  Sandstone  ;  and  this  may  explain  the  isolation  of 
the  small  outlier  of  granite  i  mile  south  of  Eairy  (p.  166)  and  the  Hhattered 
condition  of  the  slates  between  this  outlier  and  the  main  granite  mass, 
a  condition  likely  to  render  the  ground  unfavourable  for  the  production 
of  lode-fissures.  At  the  hamlet  of  Eairy,  immediately  to  the  eastward  of 
the  hollow,  however,  some  extensive  mining  work,  known  as  the  Ervst  Fox- 
dale or  Central  Foxdale  Mines,  has  been  done  on  a  vein  supposed  to  re- 
present the  continuation  of  the  south  branch  of  the  Foxdale  lode.  The 
identification  is  scarcely  convincing,  since  the  Eairy  vein  differs  in  many  of 
its  mineral  chwucters,  and  in  its  more  southerly  strike,  from  any  poition  of 
the  Foxdale  lode  above -described. 


*  Details  from  plans  in  Foxdale  Co.*s  Ofl&ce. 
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East  Foxdale,  otherwise  Central  Foxdale  lliiK 

The  East  Foxdale  workings  compriae  the  Amy  Sliaft  a  few  ya 
of  the  bridge  at  Eairy  ;  the  Elizabeth,  aften^'anis  renamed  Engine 
350  yards  farther  eastward  ;  and  Taylor's  Shafts  2(K)  yards  east  of  t 
The  first-mentioned  appears  to  have  been  only  once  in  operation  si 
early  days  of  the  mme  (see  Smyth's  report  for  1876  quoted  bek 
according  to  plans  preservcii  in  the  Woods  and  Forests  Office  had 
depth  of  a  little  over  40  fathoms,  with  short  drivings  at 
and  4()  fathoms.  The  other  shafts  have  been  rewonced 
three  times,  after  longer  or  shorter  intervals  of  inactivitjr^ 
workinff  continuing  up  to  1889;  bv  which  time  Engine  Sb; 
attained  a  depth  of  145  fathoms,  and  Taylor's  Shaft  74  fathon 
levels  at  about  every  10  fathoms  down  to  40  fathoms,  and  i 
fathoms  l>elow.  Although  in  the  aggregate  a  considerable  < 
of  lead-ore  averaging  well  m  silver  (about  35  oz.  per  ton)  was  < 
from  the  mine  (see  TaV)le  p.  515)  it  was  insufficient  to  pay  working  e 
The  chief  orc-l)odies  were  found  to  the  east  of  Engine  Shaft.  Tin 
was  complicated  and  difficult,  two  or  three  separate  lodes  or  bra 
the  same  lode  1>eing  recognised.  Geologically  tne  most  interesting 
ol  the  mine  is  the  occurrence  of  an  intrusive  dyke  of  olivine-dolei 
]H)sed  to  be  of  Tertiary  age,  see  p.  327)  in  association  with  t 
Simihir  dykes  occur  in  connection  with  north  and  south  metallifeit 
at  BaDacorkish,  Bradda,  Glen  Auldyn  and  other  places  in  the  Is 
elsewliei-e  described,  but  this  is  the  only  known  instance  in  the 
district,  or  in  any  other  lode  with  an  approximately  east  and  wes 
The  si^iticant  l)earing  of  this  matter  on  the  origin  and  a^  of  the 
fe rolls  infilling  of  the  veins  has  been  discussed  in  the  mtroduct 
of  the  present  chapter.  The  mine-workings  are  now  inaccessible^ 
information  which  I  was  able  to  collect  on  the  s]x>t  regarding  the 
tlie  occurrence  of  the  dyke  was  meagre  and  unsatisfactory  ;  but  for 
Sir  W.  \V.  Smyth's  reports,  quoted  below,  contain  many  valuable 
on  this  ]X)iiit  and  prove  that  the  lode  in  this  i>ortion  of  its  course 
than  the  intrusion.  There  is  a  doubtful  exjiosure  of  the  dyke  at  su 
tlie  steel)  sloiw  inmiediately  E.  of  the  bridge  at  Eairy  (see  p.  1 
tlie  spoil-heaps  of  the  old  mine  400  yards  farther  east  tlio  rock  is 
in  abundance. 

The  mine  was  reopened,  under  the  name  of  "East  Foxdale," 
1%()  and  1SG3,  but  beyond  the  statement  that  .£11,000  were  then  e 
without  result,  Smyth's  i-eiK)rts  contain  no  dettiils  of  this  working, 
a  new  coin])any  commenced  operations,  and  in  Smyth's  rejwrt  for 
road-  "  The  old  workings  of  tne  30-fathom  level  and  the  newer  om 
f)0  and  75  fathom  levels  show  a  great  deviation  from  the  regular  c 
the  Foxdale  Locle,  and  the  presence  of  dykes  and  masses  of  a  tn 
rendered  the  mine  a  co«tly  problem.  In  the  following  5'car  a  1; 
cross-cut  from  the  90  level  showed  "  more  or  less  confused  aiijx^a 
vein-stuff,"  and  in  Taylor's  shaft  driving  was  going  on  in  the  miii 
of  three  which  had  Ixjen  tested.  In  1875  the  name  of  the  mine  J 
chani^ed  to  "  Central  Foxdale,"  and  the  report  states  that  the  Engi 
was  sinking  l>elow  90  fathoms  'in  killas,  and  the  90  level  had  }»eei 
'  east  about  40  fathoms  from  the  shaft  and,  from  the  place  where 
was  cut,  is  amid  the  black  trap  rock,  in  which  mere  strings  of  s[; 
out  any  ore  are  seen.  Where  the  grey  killas  or  slate  coiiies  in  a 
lode  ini]>roves,  and  a  few  stones  of  ore  have  been  met  with  "  ;  the 
was  out  15  fathoms,  in  ground  much  disordered  and  not  promisin 
00  vixM.  has  l»een  driven  east  Ixjyond  the  confusion  caused  by  the  t 
looks  for  the  last  fathom  or  two  as  if  in  a  wide  bo<ly-mass  wi 
occasional  six)ts  of  lead  ore,  exhibiting  as  its  most  promising  feal 
of  clialyl)ite  or  spathose  iron-ore."  In  1876  Smjrth  notes  that  he  d< 
to  the  40  fathom  level  in  Amy's  Shaft  "  to  see  the  driving  west  w 
the  black  trap  rock  alongside  the  vein  on  the  north,  and  altogethc 
unpromising  appearance."    In   1877   the  various  drivings  are  d< 
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including  the  90  eaat^  in  which  an  exceptional  body  of  rich  ore^r  ground 
had  been  found;  and  the  difficulty  of  becoming  acquainted  with  '*the 
r&mificationa  of  these  disordered  lodes  ^'  is  commented  od  In  1878  the 
'^h&rd  black  stone"  is  mentioned  as  making  its  appearance  in  the  105  level 
west 

Up  to  this  time  Smyth  seems  to  have  entertained  the  miners'  opinion 
that  the  dyke  cut  out  the  lode,  and  his  report  for  1880  is  therefore  espe- 
ciaUy  important  in  showing  that  he  found  this  opinion  no  longer  tenable 
rhe  iMissage  in  question  reads  :— "  At  the  120,  the  deepest  level,  a  careful 
examination  shows  that  the  '  black  stone  *  or  dolerite  which  it  mae  feared 
might  cut  (^the  lode^  is  really  intersected  by  it^  and  in  the  eastern  drivings 
the  lode,  divided  into  two  parts,  exhibits  a  considerable  improvement." 
[Italics  not  in  original]  Similarly,  in  his  report  for  1882  he  mentions  that 
m  the  deeper  level  then  driving,  at  135  fathoms,  where  the  lode  was  in 
places  very  wide,  between  walls  of  clay-slate,  there  had  been  **  a  somewhat 
alarming  appearance "  of  dolerite,  but  that  it  '*  seems  really  not  to  have 
ii^nred  the  lode."  In  the  previous  year  he  noticed  that  in  the  105  level 
east^  where  the  lode  had  split  into  two  branches,  the  north  branch  had  got 
into  **  the  volcanic  rock  of  a  rather  r»le  tint." 

In  1883  the  mine  was  again  standing,  but  was  resumed  by  a  new  com- 
pany in  the  following  year.  In  1886  the  report  states  that  25  to  30  tons  of 
ore  per  month  were  Being  raised,  and  that  tne  145-fathom  level  (the  deepest 
point  attained  in  the  mine),  driving  east  on  the  south  lode,  had  met  with 
some  'greenstone'  on  the  north  wall.  In  1888,  in  the  last  of  his  reports, 
Smyth  mentions  that  he  did  not  ^o  below,  but  gives  the  information  that 
''spots  of  copper,  with  lead  and  zmc"  had  been  found  in  a  driving  at  135 
fatnoms  on  the  south  lode  ;  and  adds  that  "some  stones  of  granite  which 
have  appeared  in  the  bottom  level  form  a  reminder  of  the  bottom  levels  of 
Old  Foxdale  and  give  encouragement  to  further  sinking."  Under  the  cir- 
cumstances it  may  be  doubted  whether  the  "granite  "  referred  to  was  any- 
thing more  than  one  of  the  granitic  el  vans  by  which  the  slates  in  the 
vicinity  of  the  mine  are  traversed  (p.  167) ;  at  any  rate  no  confirmatory 
evidence  has  been  obtained  for  the  presence  of  massive  granite  in  the 
Qoine. 


Output  of  Lead-ore  from  East  or  Central  Foxdale  Mine  (from  ^'Mineral 

Statistics  "). 


Year. 

Lead-ore. 

Silver. 

Year. 

Lead-ore. 

Silver. 

Tons. 

Ounces. 

Tons. 

Ounces. 

1872 

50 

819 

1881 

400 

5,362 

1873 

135 

2,200 

1882 

450 

10,440 

1874 

58 

968 

1883 

530 

15,900 

1875 

20 

280 

1884 

330 

9,839 

1876 

70 

591 

1885 

325 

6,447 

1877 

198 

1,184 

1886 

319 

10,149 

1878 

360 

6,074 

1887 

418 

11,623 

1879 

360 

4,337 

1888 

250 

6,953 

1880 

250 

5,032 

1889 

92 

2,559 

From  the  above  descriptions  it  is  evident  that  even  if  the  Foxdale  Lode 
bo  prolonged  in  these  mines  it  has  lost  its  definiteness  of  character  and 
direction;  and  it  is  therefore  not  surprising  to  find  that  all  efforts  to  follow 
it  still  farther  to  the  eastward  have,  up  to  the  present,  proved  ineffectual 
Traces  of  these  old  trials  break  the  surface  in  several  places  on  the  Lie  em 
Lang  ridge  east  of  Eairy,  while  in  the  valley  near  Garth,  one  mUe  east  of 
the  East  Foxdale  mines,  a  more  extensive  trial  known  as  the  New  Fox* 
DALE  MXNS  was  made  in  1884-7  with  no  success^ 
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The  prospectus  of  this  trial  stated  that  the  veiti  to  be  tested  wa 
wide  and  contained  carbonate  of  iron,  baiytes,  quartz,  pyrites,  galei 
blende.  The  principal  working  consisted  of  a  cross-cut  adit  on  th 
bank  of  the  stream,  driven  about  30  fathoms  to  the  lode;  with  a  lev 
it  for  30  fathoms  westward  on  the  lode;  and  three  short  cross-cut 
from  the  level ;  only  "  indications "  of  ore  were  obtained.  The  i 
slate  which  forms  the  *  country '  in  this  locality  is  traversed  by  a 
of  microgranite,  which  was  cut  in  one  of  the  workings  (see  p.  168). 

Ellerslie,  otherwise  known  as  Bishops  Barony, 

East  Foxdale,  or  Darragh  Mine. 

This  old  mine  is  situated  on  the  Bishops  Barony  on  the  south-west 
of  the  central  valley  of  the  Island,  i  mile  S.  of  Crosbv,  at  the  mou 
little  glen  of  the  stream  draining  from  Garth.  It  has  been  worked  < 
and  W.  vein  supposed  to  be  connected  with  the  Foxdale  lode.  The  i 
b«;n  reopened  at  various  times,  but  always  without  commercial  succes 
now  in  ruins.  From  Mr.  A.  W.  Moore's  researches  it  appears  that  t 
was  commenced  about  1825  by  the  orders  of  Bishop  Murray,  the  si 
fixed  '*by  following  the  direction  of  that  rich  vein  which  h 
wrought  to  such  great  advantage  at  Little  Foxdale"  (quoted  f 
"  Manx  Advertiser"  newspaiKT).  Cuniming,  in  1848,  giive  the  f< 
account* :  — "It  apiKJiin*  t<i  have  Ixjen  commenced  on  a  very  thin  ev 
consisting  of  a  narrow  thread  of  ore  in  veinstone,  the  outcn->p  bein^ 
at  the  surface  in  a  small  burn  ....  The  vein  which  has  been 
from  its  outcrop  uiJwards  of  300  fathoms,  at  a  depth  of  C  to  10 
presents  such  a  striking  unifonnity  as  greatly  to  discourage  further! 
At  one  or  two  iM^ints  cross  coui*ses  have  l>een  met  with,  but  they 
affect  the  value  of  the  vein." 

By  the  later  workings  a  shaft  was  carried  down  to  75  fathoms 
small  ipumtity  of  lead  obtained.  In  IBTf)  the  mine,  then  recently  n 
was  examined  and  reported  on  l>y  Smyth,  who  described  the  f 
level  as  75  fathoms  deeu,  "  and  in  this  a  lode  varying  generally  frc 
3  feet  in  width  opened  occasionally,  as  in  the  ]>resent  end  E.,  U 
yielding  promising  ribs  of  ore."  *  In  tliis  reix)rt  8myth  inclined 
o[)inion  that  the  lode,  from  its  "  line  of  bearing  and  the  charactc 
ores,"  might  represent  the  prolongation  of  that  of  Foxdale;  but  in 
report  (for  1885)  he  concluded  that  the  mine  was  tolerably  certain 
a  different  lode  from  Foxdale.  In  1 878  he  noted  that  some  fine  qi 
ore  was  being  obtained  from  pitches  in  the  l>ack  of  the  70  fathom  le 

In  "  Mineral  Statistics,"  returns  of  lead-ore  are  given  from"Gn 
Foxdale  Mine  "  in  1875  and  the  three  succeeding  years,  amountin 
aggregate  to  301  tons,  and  8  tons  in  1883  from  **Orlen  Darragh  Min< 

Cornelly  or  Townsend  Mine. 

This  mine,  abandoned  since  1884,  was  worked  on  an  east  and  w 
parallel  with  that  of  Foxdale,  about  a  mile  farther  north,  on  the  r 
slope  of  Archallagan,  at  the  head  of  a  short  deep  glen — "  Glion  ij 
of  the  6-inch  Ordnance  man  (Sheet  9).  but  now  kno\m  to  the  cour 
as  Ballacurry  Glen.  The  lode  was  o\  a  curiously  irregular  charac 
not  easy  to  follow.  Gumming  mentions  the  mine  as  in  operation  ir 
but  respecting  these  early  workings,  when  it  was  known  as  the  '*  i 
Mine,"  no  detailed  information  has  been  obtained  ;  the  later  or 
under  the  title  of  the  "Townsend  Mine,"  between  1874  and  li 
described  in  Sir  W.  W.  Smyth's  reports  (see  below);  and  plans 


1  ,  *  "  Isle  of  Man,"  p.  310. 

■  MSS.  in  Woods  and  Forests  Office. 
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£  reserved  in  the  Woods  and  Forests  Office  and  in  the  office  of  the  Isle  of 
[an  Mining  Company  at  Foxdalc.  From  these  plans  it  appears  that  at 
the  cessation  of  the  last  workings,  the  mine  consisted  of  two  shafts 
12  fathoms  apart,  with  levels  from  the  Engine  Shaft  (the  deepest)  at  20,  40, 
50,  65,  80,  96^  110,  126,  and  140  fathoms.  The  pioneer  level  was  the 
©5  fathom,  which  was  carried  360  yards  east  and  195  yards  west  of  the  shaft, 
with  a  cross-cut  goin^  70  yards  southward  from  it.  The  chief  ore-bodies 
"Were  found  in  the  neighbourhood  of  the  shafts.  The  lode  was  very  steep, 
with  a  slight  underlie  southward  in  the  upper  80  fathoms  and  in  the 
opposite  tlirection  below  that  depth.  It  contained  much  chalcedony,  and 
had  been  affected  to  even  a  greater  degree  than  the  Foxdale  lode  by 
recurring  movements  by  which  the  vein-material  as  well  as  the  country- 
Tock  had  in  places  been  fractured,  rounded  and  afterwards  rie-cementea. 
Among  the  minerals  noted  b)r  Sir  W.  VV.  Smyth  ^  from  this  vein  besides 
ffalena,  chalybite,  etc.,  are  semi-opal  or  cacholong,  hornblende  ("  mountain- 
leather  '*),  a  beautiful  iridescent  variety  of  galena,  and  a  curious  variety  of 
zinc-blende  in  balls  with  a  radiated  structure.  A  considerable  output  of 
lead-ore  was  made  from  the  mine,  but  not  in  quantity  to  pay  the  expense  of 
working.  As  the  returns  were  included  with  those  of  the  Foxdale  Mines, 
no  statistics  are  available. 

The  chief  geological  interest  of  the  mine  lies  in  the  fact  that,  as 
mentioned  on  p.  165,  though  nearly  U  miles  N.  of  the  nearest  outcrop  of 
the  granite,  the  shaft  penetrated  that  rock  beneath  the  slate  at  300  to  400 
feet  below  the  surface.  Judging  from  the  material  on  the  spoil-heaps,  some 
part  of  the  igneous  rock  reached  in  the  mine  possessed  the  massive  boldly- 
crjrstalline  character  ot  the  Foxdale  intrusion,  and  was  not  like  the 
micro-granite  dykes  which  strike  out  from  that  mass.  It  is  therefore 
probable  that  the  granite  represents  a  local  protuberance  on  a  deep-seated 
mass,  and  not  merely  a  dyke.  The  rock  seems  to  have  occurred  very  irre- 
gularly in  the  workings,  at  first  in  detached  strings  and  afterwards  in  a 
massive  body;  and  the  deeper  levels  both  east  and  west  were  again  in 
slate,  though  the  cross-cut  south  was  in  granite.  The  evidence  given  below 
suggests  that  the  intrusion  formed  a  pi])e-like  mass  inclining  westward  : 
the  fine-grained  material  mentioned  m  the  reports  probably  occurrea 
around  tne  margin,  with  the  more  coarsely  crystalline  rock  described 
on  p.  315  in  the  interior.  The  high  degree  of  schistose  and  garneti- 
ferous  alteration  in  the  slate-rock  oif  this  vicinity  has  been  discussed  in  a 
previous  chapter  (pp.  1 1 1-2). 

It  is  fortunate  triat  Sir  W.  W.  Smyth's  reports  contain  descriptions  of  this 
interesting  mine,  as  the  workings  are  now  inaccessible.  The  following 
passages  have  been  selected  from  those  reports  as  showing  the  general 
character  of  the  lode  and  of  the  granitic  intrusion.'  In  his  report  for  1875 
Smyth  states : — "  The  shaft  is  a^in  sinking  [below  the  60-fathom  level! 
and  a  peculiar  phenomenon  which  somewhat  links  this  mine  with  Old 
Foxdale  is  that  veins  or  tongues  of  granite  intersect  the  schistose  rock, 
whilst  a  great  difference  is  in  the  hardness  of  the  rock,  which  scarcely 
requires  any  timbering."  In  1877  we  learn  that  in  the  80-fathom  E.  level 
(then  the  deepest) "  the  lode  is  generally  2  or  3  feet  wide,  but  carrying  narrow 
vugs  or  caverns  of  great  length  lined  with  beautiful  crystals  of  galena^,  but 
not  enough  to  make  a  rich  lode."  In  1878,  "  the  last  6  fathoms  ot  the 
shaft  [above  95  fathoms  ?]  were  in  hard  grey  granite  ;  the  95-fathom  level 
had  been  driven  about  30  fathoms,  and  was  productive  nearly  all  the  wav 
through ;  the  lode  a  very  singular  one,  vuggy,  sometimes  fragmentary  with 
sharp  angular  country  stone ;  the  ore  attached  very  generally  in  single  or 
groups  of  cubical  crystals  to  thin  plates  of  quartzy  veinstone  with  brown 

spar  ;  and  the  better  parts  giving  about  a  ton  to  the  fathom 

About  the  place  where  the   east  end  [of   the  80-fathom  level  east]  was 
in  1877,  granite  had  come  in  on  the  country  and  continues  to  the  present 

'  For  access  to  the  later  plans  and  much  other  information  my  tlianks 
are  due  to  Capt.  W.  H.  Kitto,  of  Foxdale. 


«  In  "  List  of  Manx  Minends,"  op.  cit.,  pp.  143-147. 
»  From  MSS.  in  the  Woods  and  Forests  OflSce. 
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end  [t.e.,  for  about  45  fathoms]  where  the  lode  is  pinched  to  dimensi 
of  2  to  5  inches."  It  is  also  mentioned  that  a  quantity  of  ^as,  i>robc 
carbon  anhydride,  had  been  given  off  for  weeks  t^ether  in  thu  iiart  of 
mine,  a  feature  likewise  observed  in  the  Foxdale  lode  in  granite  (see  p. ' 
In  1879  it  is  noted  : —  "  the  Townsend  mine  is  proving  to  be  a  remark 
place,  as  having  a  distinct  character  from  either  of  the  other  mines  in 
nei(;hl)Ourhood  [i.e.,  Foxdale  and  Central  Foxdale],  and  as  yieldii 
large  amoimt  of  leacl  ore  very  little  intermingled  with  vein-stnfir  or  foi 
substances  .  .  The  95-fathom  level  west  shows  a  small  but  orey  nb  of 
4  inches  in  mica-schist.  A  pitch  above  this  level  is  in  a  wonderful  g 
of  parallel  ribs  and  cavernous  hollows  studded  with  crystals  of  galei 
all  sizes  up  to  6  inches  across ;  the  whole  occupying  3  fathoms  in  w 
and  having  to  be  heavily  timbered."  The  65-f athom  level  east  was  drivi 
*'  the  country  intersected  being  micaceous  schist,  which  in  a  large  pa 
the  deeuer  exploration  is  replaced  by  a  granitello  or  unusually  fine-gra 
granite.  In  1881  the  95-fathom  level  east  (which  had  commence 
granite)  was  visited,  and  ''at  150  fathoms  from  shaft  I  found  that  I 
lou^  distance  the  level  had  been  in  a  dark  hard  schist  with  an  utl 
atenle  lode.  .  .  .  The  110-fathom  level  west  was  in  a  granitoid  rock, 
hard,  with  scarcely  a  vestige  of  a  lode."  In  1883  it  is  noted  that  the  s 
was  down  below  140  fathoms,  and  that  the  125-fathom  level  cast  h 
iK>or  (^uartzose  lode  of  3  feet,  and  a  good  rib,  4  to  G  inches  wide,  of  ha 
fully  iridescent  lead-ore,  while  in  the  same  level  west  the  lode  was  a  r 
fltriuK  an  inch  wide  set  in  hard  granite  rock.  The  latent  mention  of  the  i 
is  in  the  report  for  1884,  where  we  learn,  resfKicting  the  deepest  level,—' 
140- fathom  level  which  is  again  in  the  slate-rock,  exhibited  at  first,  on 
east,  the  old  'Townsend'  type  of  a  hollow  broken  lode  and  with  1 
crystallisation  of  lead  ore,"  but  afterwards  changed  for  the  worse. 
deei>ost  level  appears  from  this  account  to  have  been  altogether  in  si 
but  we  are  informed  by  Captain  Kitto  that  the  shaft  itself  was  in  gra 
to  the  bottom,  though  the  ends  of  all  the  pioneer  levels  were  in  slate. 

Traces  of  old  trials  are  seen  on  the  north  side  of  Cooillingill  near  Vto 
1  mile  to  the  east  of  the  above  mine ;  and  others,  1 J  miles  to  the  west  o 
on  the  western  slope  of  the  lower  i)art  of  Foxdale  (see  List,  pp.  55i 
These  are  said  to  have  been  on  supposed  prolongations  of  the  C'uru 
lo<le  ;  no  further  information  has  been  obtained  in  regard  to  them. 

Trials  South  of  Foxdale. 

On    the   southern   side   of   the   watershed,    south    of     Foxdale 
South  liarrule,  traces  of  old  mining  trials  are  to  be  found  in  mosi 
the  little  glens  wherever  any  appearance  of  a  vein  is  visible,  and  inc 
sometimes  where  there  seems  to  be  nothing  to  have  encouraged  the  sea 
Those    in   respect   to    which    no    special    information     is    forthcou 
are  included  in  the  List  of  Small  Workings  given  on  p.  553.     In  his  re 
for  1858,  Smyth  mentions  that  the  researches  in  progress  on  the  south 
of  South  Barrule  were  "  very  precarious,"  and  that  a  small  shaft  had  1 
sunk  near  Ballamoda  farm-house  where  some  surface-stones  of  ore 
been  found.    Another  of  these  trials  was  made  between  1870  and 
on  the  left  bank  of  the  Santon  River,  GO  yards  above   (Campbell  Br 
near  Ballanicholaa  (Sh.  13),  rather  over  a  mile  south  of  the  East  Fox 
Mines.      This   was   known   as   the  Ballanicholas  Mine;    it  retu 
3i  tons  lead-ore  in   1872.      It   appears    to  have  been    worked    at 
junction  of  a   granitic  elvan   witn    slate   (see    p.   167) :    the  lode 
supposed  to  have  a  N.N.W.  strike,  but  seems  to  have  been   ill-defi 
Smyth  refers  to  the  working  in  his  report  for  1871,  stating  that  a  disco 
of  ore  of  remarkably  fine  quality  had  enabled  a  large  pile  to  be  raised  1 
n  fuis.  of  driving  at  the  bottom  of  a   12    fm.    shaft,    but    that  it 
not  look  like  a  lode.     In  1873,  he  mentions  that  the  shaft  was  being  * 
below  the  IC-fathom  level  ;  and  in  the  following  year  that  work  h^l 
suspended  with  the  loss  of  some  hundreds  of  pounds. 
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LAXEY   OEOUP. 

Lazey  or  Oreat  Lazey  Mines. 

Standing  in  the  first  rank  of  British  metalliferous  mines,  this  great  mine 
baa  been  second  only  to^Foxdale  in  the  Island  as  a  producer  of  lead-ore, 
^whiler  its  output  of  zinc-blende  for  a  long  series  of  years  surpassed  that  of 
any  other  in  the  kingdom,  and  indeed  was  sometimes  greater  than  that  of 
all  the  other  British  mines  combined.  At  one  |)eriod  of  its  career  the  mine 
was  also  a  producer  of  copper  ore,  though  not  to  a  large  extent.  As  the 
Statistics  given  on  a  subsequent  page  will  show,  it  has,  however,  of  late 
veais  shown  progressive  decline,  its  annual  output  lately  averaging  less  than 
half  that  of  ita  palmy  dajrs. 

The  mine  is  established  on  a  nortli  and  south  lode  (average  direction 
about  N.  10'  W.),  having  an  easterly  dip,  the  country  rock  being  the  Lonan 
flags  of  the  Manx  Slate  Series.  Although  worked  to  within  a  mile  of  the 
coast,  the  lode  has  never  been  identified  in  the  cliff-section,  and  was  pro- 
bably first  discovered  in  the  bed  of  the  stream.  According  to  an  authority 
quoted  by  Dr.  Berger,  it  was  "opened  and  wrought  by  a  mining  comi)any 
of  Cumberland,  about  the  commencement  of  the  last  [18th]  century."  *  Mr. 
A.  W.  Moore  ("  History,"  vol.  ii.,  p.  965)  gives  reference  to  documentary 
evidence   of    its   having   been    worked  aoout   1782.     Feltham,  in    1798 

i"  Tour,  etc,"  p.  243)^  mentions  a  "  new  level "  160  yards  long,  a  mile  and  a 
lalf  up  the  glen,  which  he  examined.  Woods,  writing  in  1811,  gave  a  full 
description  ol  the  workings,  which  consisted  of  two  levels  from  the  banks  of 
the  river,  the  upper  leveLlOO  yards  long,  following  a  vein  nearly  4  feet  wide 
consisting  of  quartz,  blende,  galena  and  some  green  carbonate  of  copper. 
blende  being  tne  most  abundant;  a  small  quantity  of  phosphate  ana 
carbonate  of  lead  was  also  noted,  and  the  lead  reported  to  contain  as  high 
as  180  ounces  of  silver  to  the  ton  ;  but  where  the  copper  ore  occurred,  the 
lead  was  in  small  quantity  and  of  poor  quality  [a  feature  subsequently  found 
to  characterise  the  lode  in  its  deeper  portions  also] ;  in  the  new  level,  i  mile 
lower  down  the  river,  which  was  200  yards  long  in  1808,  carbonate  ot  copjxjr 
and  blende  alone  had  been  discovered  :  only  three  men  were  employed  in  the 
worMngs.*  The  vein  was  again  descrioed  by  Berger  in  1814 '  and  by  Maccul- 
loch  in  1819  j*  but  both  observers  found  the  workings  abandoned  ;  the  latter 
author  mentions  the  presence  of  calcareous  iron  ore  (chalybite)  and  the 
steel-grained  variety  of  galena.  A  plan  of  the  mine  by  J.  A.  Twigg  dated 
1826,  preserved  in  the  Woods  and  Forests  Office,  shows  the  "  Old  level "  as 
**  wrought  out,"  and  a  shaft,  34  fathoms  deep,  communicating  with  the 
•*  New  level  to  un water  the  mine." 

Work  was  resumed  a  few  years  later  on  a  more  extensive  scale,  with 
profitable  results ;  so  that  Gumming  in  1847  found  the  adit  to  oe  400 
fathoms  long,  and  two  shafts,  with  drivings,  down  to  130  fathoms  below 
the  adit,  employing  300  men.*  Since  that  time  the  development  of  the 
mine  has  been  carried  on  continuously,  the  details  being  published  in  the 
periodical  reports  of  the  managers  which  are  reprinted  in  the  Manx  news- 
papers.*  The  principal  underground  workings  of  the  mine  are  in  the 
lower  part  of  Gflen  Agneash  {Glen  Mooar  :  6-inch,  Sh.  8),  where  the  three 
deep  shafts  are  situated.  At  the  time  of  my  visit  at  the  close  of  1895,  the 
most  southerly,  or  Engine  Shaft,  had  attained  a  depth  of  247  fathoms  ; 
the  next,  or  Welsh  Shaft,  150  j'^ards  farther  N.,  was  down  to  295  fathoms  ; 
and  the  third,  or  Dumbeirs,  520  yards  N.  of  the  last,  was  266  fathoms 
deep,  all  following  the  underlie  of  the  vein.  These  shafts  have  levels  at 
about  every  10  Ims.  down  to  the  bottom ;  the  pioneer  level  S.  was  the 

*  Trans.  Geol.  Soc.,  vol.  ii.  (1814),  p.  51. 

*  "Account,  etc.,"  op.  cit.^  pp.  18-20. 

*  Trans.  Geol.  Soc.,  vol.  ii.  (1814),  p.  61. 

*  "  Western  Isles,"  vol.  ii.,  p.  577. 

*  "  Isle  of  Man,"  p.  308. 

^  Files  of  these  newspapers  may  be  consulted  in  the  Douglas  Free 
Library. 
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235^  which  went  203  yards  S .  of  Engine  Shaft ;  and  the  pioneer  N^  Uie  2S9, 
which  at  the  above  mentioned  date  went  604  fms  N.  of  Dumbell's  Shaft ; 
the  length  of  the  deep  galleries  from  end  to  end  of  the  mine  is  therefore  over 
1^  miles.  Shallow  shafts  communicating  with  the  upper  workings  exist 
both  N.  and  S.  of  those  above  mentioned. 

MiNEBixs  OF  TH£  LoDE. — The  *  lode '  varies  sreatlv  in  breadth  and 
character  within  short  distances,  both  horizontaUy  ana  vertically,  being 
sometimes  as  much  as  25  feet  in  width  (*  at  the  190  fathom  level  near  the 
shaft,  *  vide  Smyth's  report  for  1857),  and  sometimes  ^*  gradual! v  dwindled  to 
a  mere  string  without  a  speck  of  ore,  hardly  to  be  recognisea  by  the  un- 
practised eye  "  (in  110  N.;  ibid,  report  for  1870).  It  usually  presents  deui 
well-defined  and  slightly  polished  walls  of  slat^  flags,  between  wiiich  the 
infilling  vein-stuff  consists  chiefly  of  quartz  (with  a  little  chalcedony)  in 
ribs  parallel  with  the  walls,  and  calcite,  mixed  with  more  or  less  &Ute- 
breccia  and  with  the  metalliferous  deposits.  Zinc-blende  and  ^ena  which 
constitute  the  principal  ores  occur  alternating  with  quartz  in  ribs,  and 
similarly  in  globular  incrustations  around  '  vughs '  or  cavities  in  the  lode. 
The  copper-nyrites  was  mainly  obtained  in  the  southern  part  of  the  mine 
(south  of  Engine  Shaft),  '* especially  associated  with  dolomite,**'  tnd 
occurred  in  thin  strings  after  the  ores  of  the  other  metals  had  dwindled 
down  to  an  insignificant  quantity ;  both  here  and  in  some  of  the  deep 
levels  farther  north  it  seems  to  have  formed  a  scanty  ragged  fringe  to  the 
great  bodies  of  blende  and  galena  of  the  centml  part  of  tne  niine,  and  its 
incoming  was  therefore  looked  upon  with  disfavour  as  indicating  the 
proximity  of  the  limits  of  these  ore-bodies.  The  galena  is  of  good  (^ludity, 
averaging  40  oz.  to  the  ton  of  silver.  Among  other  crystalline  constituents 
of  the  lode  are  iron-pyrites,  chalybite,  pyrrhotine  (northern  part  of  adit, 
vide  Smyth's  report  for  1882),  barytes  ('* rare  in  Laxey"*)  dolomite  ("in 
nerf ect  rhombohedrons "  ^  and  calcite.  Sir  W.  W.  Smyth  also  notes  the 
following  in  the  old  workings,  or  in  the  upper  part  of  the  lode  :  melanterite, 
sulphate  of  copper,  melaconite,  pyromorphite  ("near  DumbelFs  shaft"); 
and  steatite  ("  a  white  variety,  spotted  with  crystals  of  zinc-blende,  abun- 
dant at  the  100  fathom  level,  )  and  anthracite  (**a  3-inch  band  on  Uie  east 
wall  of  Laxey  Icde,  100  fathom  level,  S.  of  Engine  Shaft,  very  pynt>us'^.* 

Anthracite.^ — The  occurrence  of   the   last-mentioned    mmeral   ia  (A 

fculiar  interest,  but  the  available  information  respecting  it  is  meagre,  and 
have  not  been  able  to  ascertain  whether  it  was  a  constituent  of  the 
lode  as  Smyth  a]»pears  to  suggest,  or  belonged  to  the  adjacent 'country' 
slate-rock.  Mr.  J.  [E.]  Taylor  in  describmg  the  slates  in  1864  men- 
tioned the  anthracite  as  occurring  in  *  thin  veins,'  and  implied  that  it  was 
interbedded  with  the  sedimentary  strata ;  but  whether  his  descripUon 
was  based  on  personal  observation  or  on  miner's  information  is  uncertain.* 
According  to  the  recollection  of  Mr.  Killip,  the  under-manager  of  the  mine, 
the  substance  occurred  as  a  vein,  not  more  than  an  inch  thick  and  a  few 
inches  long,  in  the  "copper  ground"  between  the  "Engine"  and  "CJomer" 
shafts,  ana  formed  part  of  the  lode  on  the  hanging  or  east  wdL 
Captain  J.  Kitto,  however,  who  also  had  personal  remembrance 
of  the  circumstances,  thinks  that  the  anthracite  lay  between 
beds  of  the  c^untrv-rock  and  like  them  went  off  from  the  lode. 
The  si^ificance  ot  this  undecided  point  is  that  if  interbedded  with  the 
<)  lates  the  anthracite  must  be  regarded  as  the  product  of  contemporaneous 
organic  growths,  like  the  coal-seams  of  later  times;  but  if  a  vein- 
deposit  it  would  presumably  be  akin  in  its  genesis  to  plumbago  and  other 
carbonaceous  substances  sometimes  found  in  veins.  It  should  be 
mentioned  that  no  interbedded  seam  of  this  character  was  anywhere 
observed  at  the  surface  in  the  Manx  Slate  Series. 

*  "  List  of  Manx  Minerals."    Trans.  I.  of  Man  Nat  Hist,  and  Antiq.  Soc, 
vol.  i.,  pp.  143-147. 

^Ibid.  ^  Ihid.  ''Ibid, 

*  A  specimen  of  this  mineral  from  Laxey  is  preserved  in  the  Museum  of 
IVaotical  Geologv. 

**  'I  runs.  Mench.  Geol.  So<:.,  vol.  iv.,  p.  75. 
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OraKitio  Dykes  And  Age  of  Lode.— The  *lode'  appears  to  be  a 
nmple  fissure-system  extending  down  to  an  unknown  deptn,  alon^  which 
alignt  movement  has  taken  place  without  causing  much  relative  displace- 
ment of  the  opposite  walls.  As  bearing  upon  its  age  it  is  interesting  to 
find  that  in  the  northern  part  of  the  mine  the  lode  breaks  across  the 
characteristic  elvan-dvkes  of  the  Dhoon  Granite.  The  nearest  point  of 
the  surface-outcrop  of  this  flpranite  is  on  the  hill-top,  1,050  yards  east  of  the 
underground  working,  and  there  is  no  indication  in  the  bottom  of  the 
mine  that  the  margin  of  the  intrusion  is  any  nearer  than  at  the  surface 
(p.  143).  A  dyke  of  micro-granite  or  quartz-porphyry  20  feet  in  width, 
striking  S.  20*-30*  W.,  probably  identical  with  that  seen  in  the  stream 
in  Qlen  Agneash  (p.  144^,-  is    traversed  by    the    255-fm.  level  (at  this 

goint  about  1,800  feet  below  the  surface)  at  490  yards  N.  of  DumbelFs 
haft^  and  the  lode,  carrjring  a  little  blende,  distinctly  cuts  across  the 
intrusion  without  perceptibly  displacing  it.  A  second,  smaller  elvan, 
4  feet  wide,  is  seen  under  similar  circumstances  154  yards  farther  north  in 
the  same  level.  In  the  southern  part  of  the  mine  the  lode  similarly  inter- 
sects a  group  of  the  *  older  greenstone '  dykes,  which  were  injected  into 
the  slates  at  a  period  anterior  to  the  intrusion  of  the  granite  (see  p.  144). 

It  has  already  been  shown  that  the  sedimentary  rocks  had  undergone 
extreme  deformation  before  any  of  these  greenstones  or  microgranites  were 
intruded  among  them ;  and  moreover,  that  both  sets  of  dykes  have  been 
affected  by  later  movements  of  great  severity.  The  development  of  the 
fissure  has  clearly  been  subsequent  to  the  latest  of  these  crushing  move- 
ments, and  cannot  have  taken  place  earlier  than  Carboniferous  times,  while 
it  may  have  been  much  later  ;  so  that  iu>  metalliferous  infilling  cannot  in 
any  case  have  begun  until  towards  the  close  of  Palaeozoic  times,  and  is 
more  probably  lon^  subsequent 

*  Slides.' — Anotner  factor  of  much  conaeauence  in  relation  to  the  a^e  of 
the  lode  is  that  it  is  displaced  at  intervals  l>y  transverse  (E.-W.)  *  slides ' 
or  dislocations,  which  are  apparently  true  normal  faults.  At  the  southern 
end  of  the  mine,  south  of  ^  Corner  Shaft, '  the  vein  seems  to  have 
encountered  a  close-set  group  of  these  *  slides '  and  to  have  been  dislocated 
and  perhaps  terminated  by  them,  the  various  attempts  to  recover  it  in  the 
lower  Dart  of  the  glen  by  day-levels  and  cross-cut.s  (including  the  *Glyn 
adit '  about  175  fathoms  m  length)  having  proved  unsuccessful.  Farther 
north  the  slides  have  better-detined  individuality,  the  same  dislocation 
being  recognised  by  the  miners  in  the  successive  levels  down  to  the  bottom 
of  the  mine.  Thus  the  *  Big  slide '  intersects  the  lode  at  160  yards  south  of 
Engine  Shaft,  and  carries  it  10  to  20  feet  westward  on  the  south  side,  the 
dislocation  dipping  south  at  about  70**  from  the  horizontal  and  splitting 
into  two  branches  below  30  fathoms.  *  Welsh  Slide'  emerging  at  the 
sm*face  near  Welsh  Shaft,  has  a  slightly  steeper  din  in  tne  same  direction 
and  affects  the  lode  in  a  similar  manner,  displacing  it  about  0  feet 
laterally  (the  chief  "  copper-ground "  of  the  mine  lying  between 
these  two  slides) ;  but  according  to  the  mining  plans  it  unites  near 
the  200  fathom  level  with  another  dislocation  naaing  in  the  opposite 
direction,  known  as  *  Engine  Slide,'  the  two  enclosing  a  hi^ge  wedge  of  tht 
lode  between  them.  Farther  north  is  '  Dumbell's  Slide,'  dipping  south  at 
60*,  fuid  intercepted  by  Dumbell's  Shaft  at  a  depth  of  1 2  f ms. ;  and  this  is 
joined  at  110  fms.  by  a  slide  with  a  slightly  steener  dip  in  the  same 
direction.  In  the  exploiations  still  farther  north  other  dislocations  were 
passed  through,  dipping  in  the  opposite  direction  or  northward,  and  conse- 
quently shifting  the  lode  eastwaraon  the  south  side  ;  and  these  apparently 
form  a  rude  northerly  boundary  to  the  ore-bearing  ground.  The  average 
strike  of  these  transverse  faults  is  E  20*-30*  N.,  which  is  also  approximately 
that  of  the  strata  forming  the  'country.'  Wherever  I  was  able  to 
examine  these  faults  in  the  mine-workings  they  presented  a  rather  sharply 
cut  joint-like  aspect,  generally  with  a  little  soft  *dowky'  matter  or 
crushed  rock  b2tween  the  faces,  but  with  no  (juartz.  The  direct  vertical 
displacement  which  they  have  effected  wa.s  estimated  to  range  from  20  feet 
or  less  to  about  70  feet,  but  this  estimate  is  of  uncertain  value,  as  the 
movement  has  probably  been  oblique. 
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Thooffli  evidence  was  sought  to  show  whether  the  depoeition  of  the  on 
in  the  lode  took  place  before  or  after  its  dislocation  by  these  transrene 
faults,  no  very  definite  conclusion  was  attained.  So  far  as  I  could  lean, 
the  only  case  of  ore  having  been  found  in  a  slide  was  that  reported  to  me 
by  Captain  W.  H.  Rowe,  who  remembered  a  little  '*  steel-grained  "gaJena 
being  met  with  in  the  Agneash  Slide  between  the  adit  and  12  fathom 
level.  But  this  absence  of  ore  may  be  due  merely  to  the  *  tightness'  and 
lack  of  cavities  in  Uie  fault-i)]anes.  The  lode  itself  is  usuaBy  impover- 
ished  in  the  immediate  vicinity  of  the  slides,  oonsistinff  there  chiefly  of 
brecciated  '  country  rock '  with  very  little  quartz  or  metalliferous  infilmig ; 
which  suggests  that  it  has  been  shattered  by  them  before  the  formation  of 
the  riba  of  quartz  and  ore  within  it.  Hence,  the  indications  do  to  some 
extent  suggest  a  later  date  for  the  principal  infilling  of  the  lode ;  and  it 
seems  not  improbable  that  the  effect  of  the  transverse  faults  may  haTe 
been  to  reopen  the  older  fissure  and  cause  a  slight  gaping  in  it  where 
the  rocks  were  firmest  and  least  liable  to  crumble,  thus  giving  rise  to 
empty  simces  in  which  the  crystalline  constituents  of  the  lode  afterwards 
segregated.  Unfortunately,  owing  to  the  absence  of  newer  rocks  than  the 
Slates,  the  district  affords  no  direct  clue  to  the  a^  of  the  faults  ;  but  it  is 
worthy  of  note  that  on  the  Cumberland  coast  the  N.E.  to  S.W.  faulting  has 
been  shown  to  be  Post-Carboniferous  and  Pre-Triassic  (see  p.  871' 

While  the  metalliferous  lode  is  for  the  most  a  single  fissure,  it  is  nere  and 
there  complicated  by  minor  '  branches '  going  off  from  it  at  a  low  angle,  in 
which  occasionally  a  little  ore  has  been  found ;  and  other  parallel  but  un- 
productive joints  or  fissures  appear  to  traverse  the  slates  in  its  vicinity, 
one  of  whicn,  known  to  the  miners  as  the  *  East  Lode,'  has  been  reached  by 
easterly  cross-cuts  about  70  yards  E.  of  the  main  lode.  The  principal 
ore-deposits  have  been  found  in  that  part  of  the  mine  which  lies  between 
Engine  and  Dumbell's  Shaft,  occurring  vertically  in  large  irregul&r 
lenticular  sheets  showing  a  ^neral  tendency  to  descend  north wai^.  NoHh  of 
Dumbell's,  the  ore  as  yet  discovered  has  been  dispersed  in  smaller  masses, 
with  wider  spaces  of  barren  ground  between,  and  in  the  most  norUierly 
drivings  is  reduced  to  mere  specks. 

The  '  CouNTRT-RocK.'— In  the  principal  part  of  the  mine  the  strata 
belong  to  the  Lonan  Flags  division  of  the  Manx  Slates  and  consist  of  finnly 
welded  greyish  and  bluish  sandy  and  slaty  flags ;  and  it  is  interesting 
to  find  that  these  extend  without  noticeable  change  of  character  from  the 
surface  to  the  bottom  of  the  mine  over  1^200  feet  below  sea-level  {p.  33). 
Like  most  of  the  metalliferous  veins  of  the  Island,  the  lode  is  in  the  vicinity 
of  the  structural  axis  of  the  slate  series ;  and  the  chanee  in  the  direction  A 
the  dominant  bedding,  from  S  20*"  E.  to  N.  20*  W.,  may  be  observed 
in  the  mine-workings.  South  of  Dumbell's  Shaft  the  general  dip  of  the 
contorted  strata  is  at  a  high  angle,  usually  between  60  and  80**,  towards 
S.  20*  E.;  but  in  the  255-fatnom  level  a  short  distance  north  of  this  shaft, 
the  bedding  ranges  from  vertical  to  70*  or  80*  towards  N.  20*  W.,  and  con- 
tinues to  (up  in  this  direction,  at  a  slightly  lower  angle,  to  the  N.  end  of 
the  level.  In  the  deepest  level  (295  fathoms)  tne  change  sets  in  a  little  fardier 
south,  the  N.  20*  W.  dip  being  found  at  about  450  yards  norUi  of  Welsh 
Shaft.  In  both  cases  the  obscure  strain-slip  cleavage  is  inclined  in 
the  same  direction  as  the  dip,  but  at  a  much  lower  angle,  usually  about  20*. 
The  deep  position  of  this  structural  anticline  corresponds  fairly  well  with  its 
place  at  the  surface.  At  about  700  yds.  N.  of  Dumbell's  Shaft  the  255-fm. 
level  passes  into  darker  and  more  arpllaceous  strata  for  about  300  yds. 
and  then  into  very  hard  sandy  flags,  which  are  probabljr  the  commencement 
of  the  Agneash  Grits  that  outcrop  on  the  mountain  overhead  ;  and  as 
neither  type  of  rock  is  so  well  fitted  to  develop  an  open  fissure  as  the 
homogeneous  flags  farther  south,  it  may  be  from  this  cause  that  the  lode 
is  pinched  and  impoverished  in  this  part  of  its  course.  As  the  northward 
termination  of  the  profitable  part  of  the  mine  nearly  coincides  with  the 
change  in  the  direction  of  dip  of  the  *  country,'  the  miners  have  come  to 
regard  this  change  as  itself  detrimental ;  but  more  probably  it  ia  because 
the  N.  20*  W.  dip  ushers  in  the  unfavoiurable  modification  of  the  'coontiy' 
that  it  constitutes  an  untoward  omen. 
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Predaely  as  the  trials  in  Lazey  Qlen  south  of  the  mine,  and  on  the 
eoast^  where  an  adit  was  driven  50  fms.  into  the  cliff,  have  failed 
to  diacoTer  the  prolongation  of  the  lode  in  that  direction,  so,  also,  trials 
have  been  made  without  success  on  the  western  bank  of  Qlen  Agneash, 
and  again  at  the  head  of  the  glen  (where  it  is  known  as  Qlion  Ruy),  to 
discover  its  northward  extension.  In  this  direction  it  would  nave 
approached  nearer  the  outcrop  of  the  Dhoon  Granite  than  in  any  other  part 
of  its  course;  and  the  deterioration  of  the  lode  in  the  underground  workings 
north  of  DumbelFs  Shaft,  as  well  as  the  i>overty  of  the  veins  which  have 
been  tested  at  the  Dhoon  (p.  528)  in  close  proximity  to  the  igneous  boss, 
tell  stronglv  against  the  supposition  that  the  presence  of  the  metalliferous 
deposits  is  aue  to  the  contiguity  of  the  granite  (see  also  ante,  pp.  491-2). 


Annual  Output  op  Lead,  Zinc,  and  Copper  Ores  from   the 

Great  Laxet  Mine  between  1845  and  1900. 

{From  Miiiend  Statistics  in  Mem.  Geol.  Survey,  ?'o/.  it.  (for  1845  to  1847) ; 
Records  of  tJie  School  of  Mines^  vol.  t.,  pt.  4  (1848  to  1852);  llonu  Office, 
Mineral  Statistics  (1853  to  1900.) 


Silver 

Total 

Year. 

Copper-ore.' 

Zinc-Blende. 

Lead-orp. 

contained 
in  Lead-ore. 

Estimated 
Value. 

Tons. 

Tons. 

Tons. 

Ounces. 

£ 

1845 

79 

— — 

327 

1846 

92 

— — 

220 

1847 

60 

-^ 

375 

1848 

— 

.— 

695 

1849 

— 

■— 

815 

• 

1850 

— 

810 

1851 

— 

— 

900 

00 

l-H 

1852 

800 

32,400 

1853 

— 

— 

698 

28,130 

^9 

1854 

64 

1,435« 

900 

32,336 

£ 

1855 

— 

3,990* 

800 

24,400 

T3 

1856 

94 

3,000 

700 

24,675 

1857 

169 

2,909 

500 

17,625 

1 

1858 

403 

2,777 

600 

21,068 

1859 

354 

— 

800 

19,826 

o 

1860 

333 

3,181 

800 

16,936 

£ 

1861 

731 

3,255 

600 

11,184 

o 

1868 

942 

691 

700 

16,380 

1 

1863 

1,263 

2,298 

800 

19,440 

1864 

127 

5,356 

1,250 

59,000 

O 

1865 

1,317 

5,488 

1,500 

65,293 

2 

1866 

294 

4,960 

1,800 

81,054 

0 

'3 

1867 

400 

5,362 

2,100 

93,365 

^ 

1868 

412 

3,278 

2,300 

105,020 

1869 

400 

7,208 

2,200 

101,244 

1870 

300 

4,067 

2,130 

87,760 

1871 

100 

5,718 

2,300 

98,221 

1872 

300 

2,973 

1,300 

52,316 

1873 

■^^ 

5,370 

2,355 

94,870 

*  In  Mem.  Greol.  Survey,  vol.  ii.,  p.  715,  the  earlier  statistics  on  next  page 
are  given  respecting  the  annual  sales  of  Laxey  Oopx)er-ore  at  Swansea. 
The  output  of  the  other  ores  for  the  same  period  is  not  recorded. 

^  Largest  in  the  United  Kingdom. 


524 


The  METALLi^SROts  Vntiid, 


1 

Silver 

1 

Tota 

Year. 

Copper-ore. 

Zinc-Blende.! 

Lead-ore. 

contained 

Estima 

in  Lead-ore. 

YalQ 

1874 

6,926 

2,100 

86,268 

£58,2^ 

1875 

— 

11,753 

2,400 

107,420 

90,91 

1876 

75 

8,582 

2,500 

57,460 

86,0^ 

1877 

8 

8,645 

2,222 

94,749 

7733 

1878 

30 

9,411 

1,395 

49,898 

52> 

1879 

— 

7,200 

1,200 

40,500 

46,71 

1880 

35 

7,425 

1,300 

24,745 

63,4' 

1881 

7,568 

1,700 

62,60[0] 

69,11 

1882 

7,750 

1,756 

70,200 

19,91 

1883 

200 

4,720 

1,640 

61,600 

4W' 

1884                — 

5,625 

1,537 

61,188 

43,4< 

1885                  230 

5,340 

1,588 

63,219 

42,7( 

1886 

4,715 

1,766 

72,030 

47,G! 

1887 

— 

4,540 

1,645 

63,063 

42,91 

1888 

46 

4,600 

1,535 

62,043 

42,11 

1889 

3,900 

1,615 

65,908 

43,81 

1890 

3,844 

1,430 

68,359 

48,31 

1891 

2,826 

1,120 

45,708 

32,71 

1892 

2,300 

943 

39,427 

24,71 

1893 

— 

2,145 

902 

36,811 

18,7( 

1894 

— 

8,040 

527 

21,507 

13,0^ 

1895 

1,417 

403 

16,447 

8,91 

1896 

— 

1,180 

899 

15,884 

8,7( 

1897 

— 

1,610 

247 

10,080 

8,8J 

1898 

— 

1,575 

138 

5,632 

9,4C 

1899 

1,390 

158 

6,448 

11,8: 

1900 

1,216 

95 

3,877 

/,4, 

A2^ndix-  Sales  of  Laxey  Co 

pper-Or^  A' 

r  Swansea, 

1828-18: 

Year. 

Tons. 

Year 

• 

Tons. 

1828 

28 

1838 

121 

1829 

161 

1839 

183 

1830 

238 

1840 

278 

1831 

283 

1841 

368 

1832 

341 

1842 

406 

1833 

249 

1843 

207 

1834 

268 

1844 

46 

1835 
1836 

77 

1  f 
89 

Total  3,412 

1837 

69 

North  Laxey  Mine. 

The  location  of  this  mine  is  in  the  upper  part  of  the  Comah  v 
Ij  miles  west  of  Corrany  (six-inch,  Sh.  8).  It  has  been  in  operation, 
short  intervals  of  quiescence,  since  1856,  and  has  produced  in  the  aggi 
a  considerable  quantity  of  lead-ore,  but  not  as  yet  sufficient  to  repa 

*  Plus  value  of  copper,  not  stated. 

*  There  Ls  evidently  an  error  in  the  statistics  here  ;  £30,000  should 
bably  be  added. 
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eoot  of  working.  The  following  description  is  based  on  ihy  personal 
examination  of  the  mine  in  1895,  and  on  information  then  kindly  placed  at 
my  disposal  by  the  manager,  Mr.  J.  Corlett  Some  details  of  intertst 
regarding  the  earlier  workings,  which  are  now  for  the  most  part  inaccessible 
are  add^  from  Sir  W.  W.  Smyth's  Reports. 

The  mine  is  worked  on  a  lode  which  cros;^es  the  bottom  of  the  ralley  in 
a  nearly  north  and  south  direction,  with  an  underlie  or  dip  westward. 
Two  shafts  have  been  sunk,  70  yards  apart,  the  South  Shaft  to  the  depth  of 
110  fathoms  and  the  North  Shaft  (in  December,  1895)  to  174  fathoms.  The 
mine  has  levels  at  12,  27,  38,  50,  60  (the  two  last  in  South  Shaft  only),  73, 
84,96, 110, 121, 136, 146,  and  170  fathoms ;  the  longest  or  pioneer  levels  were 
ihe  146  northward,  and  the  60  southward.  The  lode '  is  mainly  indicated - 
by  a  quartz  vein,  bunchy  in  character,  sometimes  only  2  or  3  inches  wide  or 
even  nipped  out  to  a  mere  joint  in  the  slate-rock,  and  sometimes  swelling 
to  a  width  of  3  or  more  feet,  and  then  often  full  of  crystal-lined  '  vughs ' 
or  cavities  which  when  first  tapped  discharge  water,  but  soon  drv  up.  It 
eontains  in  places  ribs  and  ounches  of  ^lena  and  scattered  patches 
of  other  minerals,  including  barytes  (in  tne  deeper  workings),  pyriteb, 
etc.  The  fissure  does  not  appear  to  represent  a  fault  of  any  consequen<  e. 
The  country-rock,  which  dip  steeply  north-westward,  is  a  firm  dark  slate, 
interbeddea  at  intervals  with  hara  bands  of  quartz- veined  grit  (see  p.  141), 
one  of  which,  3  feet  in  thickness,  was  well  exposed  at  the  bottom  of  the 
North  Shaft  at  the  time  of  my  visit.  The  ore-bodies  have  shown  a  tendency 
to  sink  northward,  being  met  with  at  shallower  depths  in  the  southern 
than  in  the  northern  mrt  of  the  mine. 

Turning  to  Sir  W.  W.  Smyth's  reports  ^  we  find  mention  in  1857  that  at 
10  fathoms  there  was  a  little  ore,  only  a  few  inches  wide  ;  in  1860  the 
South  Shaft  wa.s  at  40  fathoms,  and  the  lode  still  small  and  producing  only 
a  little  ore  ;  in  1865  some  orey  ground  had  been  found  in  the  60-fathom 
level  southj  but  the  "  end  got  into  black  ground,  bedded  rather  flatly,"  and 
not  promising  •  and  in  the  following  year  it  is  noted  that  the  same  level  had 
"poverty-stricken  white  quartz  for  its  veinstone."  In  1809,  in  the  110 
level  of  the  South  Shaft  the  lode  proved  quite  poor  on  the  south,  but 
bolder  and  better  on  the  north  ;  and  tne  discovery  of  ore  in  the  96  and  84 
north  drivings,  where  there  was  "a  really  tolerable  lode,"  led  to  the 
renewed  sinking  of  the  old  [North]  Shaft  which  had  previously  stop{>ed  at 
38  fathoms.  In  1872  the  North  Shaft  was  down  120  fathoms,  and  the  lode 
there  4  or  5  feet  wide,  but  quite  worthless  ;  and  in  the  110  level  half-way 
between  the  shafts  the  vein  was  also  of  good  size,  but  calcareous  and 
unprofitable.  In  1876,  it  is  noted  that  the  lode  at  136  fathoms  down  was 
sprinkled  with  lead  and  zinc  ;  and  in  the  following  year  that  at  146  fathoms 
it  was  "  dull  quartz  with  a  few  large  crystals  of  calc-spar  in  the  cavernous 
1k)11ows." 

In  the  annual  "  Mineral  Statistics,"  rstums  of  lead-ore  from  this  mine 
are  given  for  all  the  years  between  1857  and  1878  inclusive ;  also  for 
1680-1, 1891-4,  and  1897,  amounting  in  the  aggregate  to  1,763  tons. 

Olencherry  Mine. 

This  name  was  given  to  a  small  mine  in  the  bottom  of  the  Cornah 
Valley  650  yards  east"of  the  North  lAxey  Mine,  with  which  it  has  since 
been  amalgamated.  Work  was  carried  on  here,  chiefly  between  1865  and 
1875,  on  a  north  and  south  lode  with  an  easterly  underlie,  which  yieldwl 
a  small  quantity  of  lead  ore.  Two  shafts  were  sunk,  the  South  Shaft  to 
15  fathoms,  and  the  Engine  Shaft  to  35  fathoms,  with  levels  at  15,  20  and 
35  fathoms.*  Sir  W.  W.  Smyth  describes  the  underground  appearances  in 
his  reports  as  follows  ^ : — In  1866.  when  the  shaft  was  down  8  fathoms,  it 
was  on  a  lode  5  or  6  feet  wide  yielding  extremely  promising  stones  of 
weathered  galena  with  incrustations  of  green  and  of  white  lead  ore ;"  in 

»  MSS.  in  Woods  and  Forests  Office. 
•  Information  from  Mr.  W.  H.  Rowe. 
»  MSS.  in  Woods  and  Forests  Office. 
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IB67,  the  I  ft  fathom  level  had  been  driven  12  fathoms  north,  and  a] 
little  ore  ;  in  1868,  it  is  noted  that  the  favourable  symptoms  had 
short  duration,  and  the  ground  venr  changeable — the  20  fathom 
north  had  a  little  ore  which  dwindled  away  after  a  few  feet ;  in  1 
20  and  35  fathom  levels  had  been  driven  tor  some  fathoms  witht 
ing  more  than  a  mere  sprinkling  of  ore ;  and  in  1871,  the  3S 
level  had  been  driven  some  15  fathoms,  showing  a  lode  2  to  3 1 
with  no  other  mineral  than  a  little  pyrites  in  sight. 

East  Laxey  Mine. 

Under  this  title  an  unsuccessful  trial  for  copper,  on  whic 
thousands  of  pounds  were  expended,  was  carried  on  between  1866 
in  the  Comah  Valley  600  yards  west  of  the  bridge  at  Corrany  (Sh 
adit  was  driven  from  the  bank  of  the  stream  for  65  fatnon 
direction  of  N.  30°  W.  on  a  hard  quartzose  lode,  underlying  n 
said  to  contain  little  pockets  of  copper  pjrrites  and  iron  pyrite 
sliaft  was  sunk  to  20  fathoms,  with  a  level  at  that  depth  for  40 
northward.  Another  adit  was  driven,  for  a  few  fathoms  only, 
south  bank  of  the  stream.  No  saleable  quantity  of  ore  was  pi 
8ir  W.  W.  Smyth  refers  in  his  report  for  1867  to  the  driving  of  a 
"a  miserable-looking  hard  vein  with  but  a  few  specks  of  ooppe 
here  and  there "  ;  and  in  1868  states  that  he  examined  the  20 
level  for  40  fathoms  north,  and  found  a  lode  all  the  way,  wii 
or  promise. 

East  Snaefell  Mine. 


The  company  using  this  title  was  formed  about  the  year  1864 
the  supiK)sed  extension  of  the  Great  I^axey  lode  in  the  upper  pa 
Cornah  Valley,  650  yanla  aliove  the  *  North  Laxey  Mine,  A  < 
(indiojited  on  the  six-inch  ordnance  map,  Sh.  8)  was  driven  8.1 
the  hill-sidc,  on  a  gossany  clayey  *lode*  underlying  east,  but 
was  found.*  Smyth  writes  of  these  trials  in  his  report  for  II 
"  some  short  drivings  and  the  sinking  of  a  sump  for  a  few  feet  ha^ 
that  there  are  lodes  in  this  gn^und,  but  nothing  of  promising  ap] 
far  less  productive,  has  been  seen."  The  company  afterwards  tn 
its  oi>erations  to  the  "  Glencherry  Mine." 

Snaefell  Mine. 

Tliis  mine,  on  which  work  was  seriously  commenced  about  the  3 
'  and  has  been  continued,  with  some  interrui)tions,  up  to  the  present 

situated  at  the  eastern  foot  of  Snaefell  on  the  north  branch  of  1 
waters  of  the  Laxey  Eiver,  3  miles  N.W.  of  Laxey  village.    The  loc 
was  discovered  in  the  bed  of  the  stream,  strikes  about  N.-  20^  W. 
mine,  but  swings  to  N.  30''-35'*  W.  towards  the  northern  extremi 
underground  workings.     Its  underlie  is  eastward  at  about  75*  1 
horizon  till.     It  consists  of  a  belt  of   crushed  slaty  rock,  often 
interpenetrat<»d    by  striuffs  of  quartz  associated   witli   dolomite 
galena,  zinc-blende,  and  a  little  copper-pjnrites,  iron-pyrites  ;  and  p^ 
("in   the  form  of  acute  hexagonal  pyramids").    Sir  W.  W.  SS 
records  ^  impure  graphite  ("  100  and  130  fathom-levels  ")  and  mangai 
("  small  crystals  in  small  isolated  *  vugs  *  or  locks,"  found  about 
1876).    The  \^4dth  of  the  sjmce  recognised  as  *  lode'  varies  from  6 
60  feet  or  more  ;  but  its  limits  are  generally  ill-defined,  and  it  is  sai< 
*  branches '  in   places  on  both   sides,  with  more  or  less  broken 

^  From  information  obtained  from  Mr.  W.  H.  Rowe. 
»  Ibid. 
*;  ^  '  Li.st  of  Manx  Minerals,''  op.  cit. 
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rock  between ;  and  the  lode  is  considered  to  be  most  favourable  where 
these  *  branches  *  fall  into  it.  This  broken  ground  probably  marks  a  line  of 
(aulting  which  may  be  of  considerable  magnitude,  though  the  highly  con- 
torted and  complex  structure  of  the  strata  precludes  any  trustworthy 
estimate  of  the  displacement.  The  mine  is  placed  on  the  narrow  belt  of 
banded  slates  with  ffritty  intercalations  wnich  form  the  passace  beds 
between  the  Barrule  Slates  on  the  west  and  the  Agneash  Grits  on  the  east, 
but  the  deeper  northward  workings  appear  to  enter  the  Barrule  Slates.  At 
the  time  of  my  examination  in  1895,  it  consisted  of  a  single  shaft,  following 
the  dip  of  the  vein  to  the  depth  of  171  fathoms,  with  levels,  below 
the  adit,  at  25,  40,  60,  74,  85,  100,  115,  130,  141.  158,  and  171  fathoms, 
chiefly  driven  northward  under  the  mountain.  The  most  northerly  point 
of  the  mine  was  the  130-fathom  level,  which  was  530  fathoms  out  from  the 
shaft ;  and  the  most  southerly,  the  141  level,  out  60  fathoms.  The  levels 
oommimicate  with  each  other  by  a  series  of  winzes  connecting  with  the 
adit-level  which  enters  the  hillside  100  yards  N.  of  the  shaft.^ 

While  a  little  ore  has  been  found  in  many  places  in  the  lode,  the  principal 
bunches  hitherto  discovered  lay  at  60  to  80  fathoms  north  of  the  shaft  in 
the  upper  levels,  and  at  over  250  fathoms  north  in  the  lower  levels. 
Including  1900  the  total  output  of  ore  from  the  mine  since  the  year  1870, 
recorded  in  **  Mineral  Statistics,"  is  4,567  tons  lead-ore  and  8,926  tons  zinc- 
blende. 

The  galena  averages  14  to  16  ounces  of  silver  per  ton.  The  copper-pyritea 
is  sparselv  distributed,  occurring  chiefly  where  blende  is  most  abundant. 
No  payable  quantity  of  ore  has  been  discovered  south  of  the  shaft,  either  in 
the  deep  levels  or  in  the  trial  adits  in  the  valley  below  the  mine.  One  of 
these  trials,  on  the  south  bank  of  the  Laxey  Kivcr  200  yards  below  the 
confluence  of  its  two  main  branches,  was  driven  W.S.W.  for  80  fathoms  to 
cross-cut  the  lode,  and  then  southward  along  the  lode  for  about  80  fathoms 
farther. 

Polished  (graphitic  ?)  and  slickensided  surfaces  are  very  conspicuous  in 
the  vein,  esnecially  among  the  darker  slates,  the  strise  on  some  faces  being 
vertical,  ana  on  others  horizontal  or  inclined.  The  'dominant  dip'  of  the 
rocks  (see  p.  145)  in  the  neighbourhood  of  the  mine  is  towards  N.N.W. ;  but 
underground  the  dips  were  found  to  be  variable,  and  frequently  towards 
the  unusual  direction  of  N.E.  or  E.N.E..  probably  denoting  local  disturb- 
ance along  the  line  of  faulting.  In  one  place  the  lode  is  cut  by  a  *  cross- 
course,'  which  is  clearly  a  later  fault,  stnking  N.  30°  W.  and  hading  south- 
ward, the  effect  of  which  is  to  shift  the  metalliferous  vein  8  feet  to  the 
westward  on  the  north  side.  The  position  of  this  '  cross-course  *  in  the 
141  fathom  level  (where  I  examined  it)  is  about  205  fathoms  N.  of  the 
shaft ;  the  lode  is  somewhat  enriched  in  its  vicinity,  especially  in  blende. 
One  or  two  small  sheared  igneous  dykes  of  the  basic  type  so  numerous  in  the 
Manx  Slates  were  observed  in  the  country-rock  adjacent  to  the  lode. 

Block  Eary  and  other  Trials  near  SnaefelL 

In  the  valley  of  the  Block  Eary  feeder  of  the  Sulby  liiver,  at  the  foot  of 
the  northern  sloj^e  of  Snaefell  Mountain,  an  adit  was  driven  for  100 
fathoms  south-eastward  in  the  river-bank  S.  of  the  farmstead  of  Block 
Eary,  and  another  in  the  opposite  direction  in  the  little  glen  250  yards  W. 
of  the  farm,  on  a  vein  which  is  said  to  have  been  similar  in  character  to 
that  of  the  Snaefell  mine,  with  which  it  was  supposed  to  be  continuous  ; 
but  no  ore  of  value  was  discovered.^     The  Snaefell  lode  was  also  sought 

^^^^^^^■^"  '"  '  I  1         !■  1.         —  I  ■  ^1  ,.11  ■  ^^.^^tm  I  ■  ■  ■  _^M— MSB     ■  ^.*^^1^^ 

^  A  plan  and  description  of  the  mine  is  contained  in  the  Official 
Report  of  Dr.  C.  Le  Neve  Foster  to  the  Home  Office  on  the  accident 
in  may,  1897,  by  which  twenty  men  lost  their  lives  through  the  |)oisf>nous 
gases  enfcendered  by  a  fire  in  the  timl)ers  of  the  130  fathom  level.  (Blue 
B<x)k      "  Snaefell  Lead  Mi4:ie  Accident."     1898.) 

2  From  information  fumishid  by  Capt.  J.  Kewley. 
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for  in  the  opp5site  direction,  south  of  the  valley  of  the  Laxey  River,  but 
Sir  W.  W.  Sm>'th  noted  in  his  renort  for  1871 '  that  only  some  indutinct 
fragments  of  vein  were  found  in  tliese  workings.  Several  other  profitlm 
trials  were  made  in  Laxey  valley  between  the  Snaefell  and  Great  Ltxej 
mines,  one  of  which,  kno^ni  as  the  Glenfoes  level,  is  briefly  de^tcribed  Uk 
Smyth's  report  for  ISGo.' 

Glen  Roy  Mine. 

This  mine,  on  which  very  large  sums  were  expended  l)oth  undergmood 
nd  at  the  surface,  is  situated  in  Glen  Roy  near  Kiversdale,  2  miles  wcrt  <A 
Laxey.  It  seems  to  have  been  begun  alx)ut  1864  as  an  offshoot  of  the  GntA 
Laxey  Commny,  but  was  sul>se<iuently  worked  by  an  independe&l 
com|»any,  with  disastrous  results.  It  was  finally  al^andoned  about  twent] 
years  ago.  As  the  returns  of  ore  from  the  earlier  workings  .seem  to  htm 
Deen  combined  with  tho.se  of  Great  Laxey  the  data  for  estimating  its  totil 
produce  are  not  available.  In  the  years  1877, 1878  and  1882,  when  sepantt 
returns  were  made,  the  aggregate  dn  "  Mineral  Statistics  ")  is  9  tons  9  cwta 
of  lead  ore,  and  136  tons  *J  cwt.s.  of  zinc  ore.  The  shaft  w*as  sunk  to  a  deptl 
of  aVxjut  122  fathoms,  with  levels  at  10,  26,  40,  55,  65  [100  ?)  and  101 
fathoms,  on  a  north-westerly  lode^  hading  eastward.^  The  presence- ol 
a  large  dyke  of  greenstone  in  the  vicinity  of  the  lode  has  be**n  noticed  in  i 
previous  (iapter  (p.  160).  The  following  excerpts  from  Sir  W.  W.  Smyli'i 
reiK>rts  for  the  years  between  1864  and  1882  will  serve  to  show  theprindptl 
features  of  the  mine :— In  1864  the  operations  are  referred  to  as  a  **8iittll 
trial "  :  in  1867  we  learn  that  at  18  fathoms  there  was  a  better  lode  of  i  tc 
«3  feet  wide,  with  a  gossany  leader  or  branch  containing  some  go(xl  stones  ol 
lead -ore  ;  in  1868  the  25-fathom  level  had  been  driven  a  few  fathoms  north- 
west on  the  lode,  with  about  J-ton  lead  ore  and  1  ton  blende  per  fathom ; 
in  1869  the  same  level,  extended  30  fathoms,  had  yielded  some  good  ore, 
and  the  40-fathom  level,  driven  some  9  fathoms,  showed  "  a  jiretty  littk 
rib "  chiefly  of  zinc  blende,  "but  there  is  nothing  that  savours  of  more  thin 
distant  nromise."  In  1873  the  50  r?55]fm.  level  was  a  long  way  north,  with 
Olio  little  bunch  of  ore,  while  the  65- fa  thorn  level  had  been  driven  2i 
fathoms  each  way  but  showed  no  promise.  In  1876  the  mine  bad 
recently  been  reo|>ened,  and  a  little  zinc-blende  was  found  in  the  40-fath<D 
level  by  a  cross-cut  through  what  was  supposed  to  be  tlu»  wall.  In  1877,  at 
the  bottom  of  the  shaft  below  65  fathoms  the  lode  was  only  4  inches  wid« 
at  one  end,  and  at  the  other  showed  two  strings  with  4  feet  of  ground 
between  them,  but  not  a  si)eck  of  lead  or  zinc.  The  65-fathoni  level  had 
been  driven  73  fins.  [?]  north  and  80  fms.  [?]  south,  and  in  the  25-fatboiii 
level  a  little  blende  had  been  found  in  a  f»ortion  of-  the  lode  turning  8onK 
If)'  west  of  south.  In  1879  the  100  [?  108]  fm.  level  was  1 1  fathoms  out  on 
"  some  af>j)earance  of  a  vein,  with  a  few  cavities  and  crystals  of  dolomite:, 
but  utterly  sterile  for  useful  mineral."  In  the  follo\*ing  year  this  level  had 
coniC  upon  some  good  ribby  lead  ore,  but  it  proved  an  isolated  pocket 
And  finally,  in  1881,  we  learn  that  the  deepest  level,  at  108  fathoms,  w» 
out  70  fathoms  with  only  one  little  blink  ot  ore  ;  that  the  shaft  was  derj 
enough  for  a  122  fathom  level  ;  and  that  an  anomalous  bunch  of  a  few  tons 
of  very  goo<i  ore  luul  been  found  in  the  2r)-fathom  level  in  connection  witi 
a  *  slide.'    The  next  rejwrt  mentions  that  the  mine  was  dismantling. 

Dhoon   or   Rhennie   Laxey   Mine. 

The  operations  known  by  this  name,  on  which  many  thousands  ol 
pounds  were  expended  without  any  return,  were  made  for  the  purpose  of 
testin;^  a  supj)ose<l  lode  occurring  in  Dhoon  Glen,  400  yards  east  of  the  main 

'  MSS.  in  Woods  and  Forests  Oflice.  ^  Ibid. 

*  There  is  sonic  discrepancy  in  particulars  between  the  plan  of  this 
minedejMisited  at  the  Home  Othce  (No.  150^)  in  "List  of  Plans  of  Abandnr- 
e<l  .Mines 'Wn<l  our  other  sonnies  of  information.  The  Home  Othce  Plan 
gives  the  sliaft  a  depth  of  108  fms.  only. 
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road  from  Lazeir  to  Ramsey.  The  early  workings  consisted  of  a  shaft  sunk 
in  tlie  glen  on  the  *  lode,'  from  which  a  little  lead  ore  was  obtained.  This 
■haft  ultimately  attained  a  depth  of  about  65  fathoms,  with  drivings  at  10, 
18  and  90  fathoms,  in  the  last  of  which,  north-west  of  the  shaft,  a  little  zinc- 
blande  was  revealed.  All  the  workings  were  in  the  slate  rocks.  The  most 
ambitious  part  of  the  later  operations  (between  1859  and  1869)  took  the  form 
of  a  deep  adit-level,  starting  low  down  in  the  great  cliff  of  slate  500  yards 
SL  of  Dnoon  Bay  -and  gomg  for  315  fathoms  in  a  west-north-westerly 
direction  as  a  cross-cut  to  intersect  the  vein,  and  afterwards  pushed  to 
within  about  250  yards  of  the  margin  of  the  Dhoon  Qranite.  The  course 
of  the  lode  is  supposed  to  have  been  W.  10"  to  20*  N.,  with  a  southerly 
miderlie.^^  The  following  excerpts  from  Sir  W.  W.  Smyth's  reports  supply 
fdither  information  regarding  these  now  inaccessible  workings.'  In  1858 
tlie  vein  is  described  as  4  to  6  feet  wide,  with  occasional  spots  of  lead  ore; 
in  1808  Smyth  states,  "  I  resetted  to  pass  through  a  long  series  of  workings 
«t  the  20  fathom  level  which  have  proved  entirelv  unproductive ;  a  few 
•in  '.ll  strings  only,  which  run  W.N.W.  carry  some  lead  ore,  but  thev  seem 
mu^nportant"  In  1868  it  is  mentioned  that  the  shaft  had  been  holed  to  the 
evel,  but  only  a  little  zinc-blende  found  in  the  process,  and  that  all  the  way 
in  the  level  Q  of  a  mile)  to  its  mouth,  not  an  available  spot  of  mineral  had 
been  seen.  In  1869  this  level  had  been  advanced  110  fathoms  beyond  the 
■haft^  uid  the  end  was  following  a  vein  through  soapy  grey  slate,  but  not 
eodiipiting  a  speck  or  sign  of  any  kind  of  ore. 

Minor  triab  in  the  same  glen  included  a  short  cross  (10  or  12  fathoms)  in 
■iate  on  the  spur  between  two  streams,  200  yards  E.N.E.  of  the  shaft ;  and 
Another  in  the  upper  part  of  the  glen,  a  few  3rards  west  of  the  high  road, 
aaid  to  have  a  len^n  of  35  fathoms,  and  to  continue  throughout  in  the 
tough  boulder  clay  m  which  it  starts.' 


SOUTHEEH    OEOTTP. 

Bradda  Mines. 

Ab  stated  in  the  introductory  notes  to  this  chai)ter,  these  mines  are 
probably  the  most  ancient  in  the  Island,  and  were  worked  at  a  period 
anterior  to  the  oldest  records.  They  seem  always  to  have  been  earned  on 
fitfully  and  with  long  intervals  of  quiescence,  just  as  during  the  19th 
eentory.  Copper  and  argentiferous  galena  have  been  the  principal  ores 
obtainedjthelatter  especially  in  the  northern  i>art  of  the  lode.  Permission 
was  asked  in  1858  *  to  raise  iron-pyrites  from  the  mine,  but  Sir  W.  W. 
Smyth  aave  the  opinion  in  his  report  for  that  year  that  the  mineral  was 
not  likely  to  occur  in  quantity. 

Commmg  remarks  that  these  mines  "seem  to  have  been  wrought  to 
aome  extent  at  the  beginning  of  the  seventeenth  century,  but  have  latterly 
been  almost  abandoned."  ^  Clialoner,  in  IG56,  after  mentioning  the  occur- 
rence of  lead-ore  containing  silver  at  this  place,  adds* :— "  The  Veins  of  this 
Mine,  by  it^s  brightnesse,  may  plainly  be  discerned  in  the  Rock  towards  the 
Sea;  but  it  seemeth  not  pos.sible  to  be  wrought,  in  regard  the  Sea  beats 
upon  it  constantly  at  Hign-water,  unlesse  it  may  be  done  by  Mining  within 
the  Land  ;  a  tryall  whereof  were  worth  the  imdertaking,  in  regard  of  the 
great  benefit  that  possibly  may  ensue  thereof."  Feltham  in  1798  (**  Tour," 
etc.,  op.  cit,  p.  213)  mentions  that  the  mines  though  closed  at  the  time  of 
his  visit,  were  worked  and  the  ore  brought  from  the  shore  in  boats,  and 
then  carted  to  the  smelting  house  at  Port-le-Mary.    Woods,  Berger  and 

*  Information  chiefly  from  Mr.  W.  H.  Rowe. 

*  MSS.  in  Woods  and  Forests  Office. 

'  Information  chiefly  from  Mr.  W.  H.  Rowe. 

*  Documents  in  Woods  and  Forests  Office. 

*  "  Isle  of  Man,"  1848,  p.  165. 

*  •*  A  Short  Treatise,  etc."  p.  8. 
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Macculloch,  early  in  the  past  century,  foond  them  standing  idl&  die 
last-mentioned  author  stating  (in  1819)  that  they  had  been  abandoned 
'*  twenty  years  ago."  A  plan  of  the  workings,  dated  1826,  is  presenred  b 
the  Office  of  Woods  and  Forests.^ 

Work  was  resumed  soon  after  Gumming  wrote,  as  there  is  a  return  of  25 
tons  of  leEul  ore  from  them  in  1850 ;  and  similar  small  quantities  are 
recorded  intermittently  between  this  date  and  1863,  the  returns  for  tbe 
whole  period  showing  178  tons  lead  ore  and  146  tons  copper  ore.  Thib 
*'  South  Manx  Mining  Company ''  which  had  been  prosecutmg  the  work 
seeros  then  to  have  come  to  an  end  ;  but  between  1866  and  1875  the 
*' Bradda  Mining  Company"  resumed  operations,  with  a  total  outpat,ai 
shown  by  returns  between  1869  and  1874,  of  364  tons  lead  ore  and  193  tom 
cop{)er  ore.  In  1881  the  mine  passed  into  other  hands,  and  a  new  '^Bnddi 
Mming  Company,  Limited,"  was  instituted,  which  ceased  working  in  1881 
The  returns  of  tms  company  (1881-1883)  give  a  total  of  478  tons  copper 
ore.  The  output  from  these  mines  seems  never  to  have  approximatelj 
reached  the  cost  of  production. 

The  lode,  as  alreadv  mentioned,  is  very  conspicuous  in  the  cliff  on  both 
sides  of  Bradda  Heaa.  On  the  south  it  occurs  as  a  nearly  vertical  rib  of 
white  quartz  and  fault-breccia  30  to  50  feet  wide,  with  well-defined  walk 
rising  over  120  feet  up  in  the  cliff.  It  strikes  N.  5**  K  across  the  headhun 
for  700  yards  and  reappears  on  the  coast  opposite  Creg  Harlot  (six-indi 
map,  Sh.  15),  forming  m  places  the  face  of  the  nigh  cliff  until  truncated  bf 
a  sharp  curve  in  the  coast-line.  It  is  to  these  sections  that  Sir  W.  W. 
Sm:^h  referred  in  describing  the  Bradda  Lode  as  "  the  noblest  surface 
exhibition  of  a  mineral  vein  to  be  seen  in  Europe."  * 

At  its  southern  extremity  the  underlie  of  the  vein  is  eastward  at  about 
10°  from  the  vertical.  The  quartz  is  full  of  cavities  or  '  vuf^hs,'  and  the 
metalliferous  contents  are  distributed  irregularlv  in  detached  strings  and 
patches.  I  am  informed  that  at  South  Braddei  the  lode  was  found  to 
*  pinch '  rapidly  in  the  workings  below  sea  level,  and  that  in  the  deepert 
part  crushed  slate  rather  than  quartz  was  its  chief  constituent  llie 
fissure  appears  to  mark  a  fault  cutting  off  the  eastward  prolongation  of  the 
fisggy  grits  of  the  headland  :  but  the  extremely  contorted  arrangement  of 
the  rocks  in  this  vicinity  nides  the  true  relations  of  the  strata.  It  it 
important  to  note  that  the  vein,  like  most  of  the  metalliferous  lodes  of  the 
Island,  lies  close  to  the  main  structural  axis  of  the  slates  (see  p.  30). 

At  its  northern  outcrop  the  fissure  is  less  sharply  defined,  and  appears  to 
have  split  into  two  or  more  branches  with  shattered  rock  between  then, 
the  western  branch  being  distinguished  as  the  'Bulwark  Lode.'  In  fini 
part  of  its  course  a  small  dyke  of  (Tertiary  ?)  olivine-dolerite,  1  to  2  feet 
wide,  is  seen  in  the  cliff  to  run  aJon^  the  lode,  thus  furnishing  an  espedaOy 
interesting  example  of  the  association  of  the  dykes  of  this  type  with  the 
metalliferous  deposits.  In  this  case  it  is  evident  that  the  vein  was  in  exis- 
tence prior  to  the  intrusion  of  the  igneous  rock  ;  and  no  distinct  indicatioB 
is  fortncomin^  to  show  whether  the  dyke  has  been  tbe  means  of  introducing 
or  concentrating  the  ores  in  the  fissure,  as  is  suggested  in  some  other 
instances  (p>.  488).  The  dyke  is  probably  an  offshoot  from  a  broader 
intrusion  visible  at  low  tide  on  the  shore  220  vards  S.  of  Cr^  HarloC^ 
which  strikes  away  from  tbe  lode  in  the  usual  direction  of  the  olivine 
dolerite  group,  viz.^  W.  35°  N.  Apparently  while  the  main  part  of  the  dyke 
has  held  to  its  original  course,  it  has  thrown  off  a  branch  northward  oo 
intersecting  the  lode.  On  the  opposite  or  eastward  side,  the  coui-se  of  the 
main  dyke  is  indicated  by  a  small  outcrop  at  the  side  of  a  fence  250  yardi 
inland,  in  the  same  line  of  strike.  The  intrusion  was  seen  in  the  North 
Bradda  mine- workings  by  Sir  W.  W.  Smyth,  who  in  his  report  for  18TS, 
after  describing  the  70-fathom  level  north  of  the  shaft  as  being  in  i 
cavernous  quartz  lode  with  very  little  appearance  of  copper,  remarks  :— 
"  the  south  driving  of  the  same  level  has  been  strangely  interfered  with 

*  Of  doubtful  value  :  probably  incorrect, 

'  Bevan's  *'  British  Manufacturing  Industries,''  2nd  ed.,  p.  15.  (London. 
1878.) 
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bj  trap  dykes,  which  in  some  places  appear  to  border,  but  in  others  cut 
right  across  the  lode,  filling  up  a  great  portion  of  the  space  between  the 
walla." 

The  workings  on  the  vein  are  in  three  separate  groups: — the  South  Bradda 
Biine,  at  the  foot  of  the  cliff  at  the  southern  outcrop ;  the  North  Bradda 
Mine,  in  a  similar  position  at  its  northern  eztremitv  ;  and  a  set  of  workings 
At  a  higher  level,  on  the  top  of  the  headland  about  half-way  between,  whicn 
connect  with  an  adit-level  driven  in  from  the  cliff. 

At  South  Bradda  the  older  workings  were  carried  on  by  means  of  an 
adit  about  half-way  up  the  cliff,  driven  northward  along  the  lode  and  con- 
nected with  shafts  from  the  surface  of  the  headland  and  with  sinkings  where 
the  ground  was  productive.  The  largest  patches  of  ore  seerti  to  have  been 
found  in  this  locality.  The  later  operations  include  a  level  over  100 
fathoms  long,  driven  ui)on  the  lode  at  a  little  above  high-tide,  with  a  rise 
connecting  with  the  higher  workings  ;  and  a  shaft  sunk  from  the  base  of 
the  cliff  to  a  depth  of  30  fathoms,  with  a  level  along  the  vein  at  20  fathoms, 
mrhich  disclosedT  nothing  of  importance. 

At  North  Bradda  there  is,  smiilarly,  a  series  of  old  galleries  in  the  face 

of  the  cliff, -with  newer  workings  descending  below  sea-level.    The  shaft  fiCt 

the  base  of  the  precipice  is  stated  to  have  been  carried  to  a  depth  of  72  f  ms. 

with  levels  at  27,  40,  50,  60  and  72  fathoms,  mostlv  driven  northward  on 

the  lode.    The  longest  of  these  levels  was  the  60  fathom,  which  appears  to 

have  been  carried  70  to  80  fathoms  N.  of  the  shaft,  with  poor  results.  Some 

ore  was  won  in  the  40  and  50  fathom  levels^  and  a  little  lead  in  the 

72  fathom  S.    The  mine  made  200  gallons  per  nunute  of  salt-water.    One 

of  the  higher  galleries  of  this  mine  lyas  driven  south  to  connect  with  the 

'  Spittals   ShidPt,'  which  was  sunk  from  the  upiier  surface  of  the  headland. 

The  plan  of  the  mine  prepared  by  J.  A.  Twigg  of  Chesterfield  in  1826,  now 

preserved  in  the  Office  of  Woods  and  Forests,  shows  a  through  communication 

between  North  and  South  Bradda  by  an  adit  a  little  above  sea-level,  but 

this  connection  is  not  shown  on  the  later  plans  to  which  I  have  had  access. 

The  workings  above  sea-level    were  the  most  productive  of  the    mine 

both  in  the  cliff  and  on    the  top   of   the  headland  ;  and  Smyth  notes 

(in  his  report  for  1873),  "  It  is  a  matter  of  reasonable  disappointment  that 

this  great  lode  both  here  [North  Bradda]  and  in  the  southern  workings  at 

Spit&  Shaft  has  manifestly  deteriorated  in  depth."    The  width  of  the  lode 

in  the  upper  part  of  the  mine  was  in  places  between  10  and  11  fathoms.^ 

The  vein  was  everywhere  *  streaky,'  and  without  continuous  ore  bodies.    A 

little  native   copper  (*  moss-copper  *)  is  reported  to  have  occurred  in  the 

parts  of  the  mines  highest  above  sea-level.     The  following  minerals  from 

the  lode  are  recorded  by  Sir  W.  W.  Smyth :— Malachite  ;  Cuprite  ("in 

minute  octahedral  crvstals  at  the  40  fathom  level ") ;  Melaconite  ;  Copper 

Tyrites ;  Copper  Sulphate  (old  workings) ;  Atacamite  ("  copper-ore  changed 

under   action    of    tne  sea- water — Old    Mine,  North  Bradda ") :  Galena 

^argentiferous) ;  Cerussite  j   Marcasite  ;  Chlorite  ("  with  quartz  ") ;  Agate 

i"  parts  of  the  vein-quartz  m  the  Bulwark  lode^  North  Bradda  ") ;  Hydrated 

Oxides  of  Iron  (Ochre  and  Umber  ;  "  sometimes  as  gossan  of  lodes  as  at 

Ballacorkish  and  Bradda  '').^ 

As  the  workings  are  now  inaccessible,  special  value  attaches  to  Sir 
W.  W.  Smyth's  descriptive  reports,  from  which,  in  addition  to  the  passages 
already  quoted,  the  following  details  resj)ecting  the  character  of  the  lode 
have  iJeen  culled.  In  1858,  Smyth  mentions  that  at  North  Bi-adda  "  the 
eastern  part  of  this  huge  lode  presents  a  rib,  between  2  and  3  feet  wide,  of 
softer  character,  which  was  largely  worked  for  lead  ore  under  the  Duke  of 
Athol,  and  a  little  is  still  obtainable  in  the  *  backs.'"  In  1859,  the 
workings  at  South  Bradda  are  described,  where  the  adit  had  been  cleared, 
the  lode  cross-cut,  and  a  20  fathom  level  driven  some  dij*tance  below  th^ 
adit,  "  but  although  copper-pyrites,  galena,  iron-pyrite=^,    and  carbonate  of 

I  I  M  I  ■  -  -  '  f 

>  For  the  above  details  I  am  chiefly  indebted  to  Messrs.  H.  Barkell.  J. 
Kewley,  and  W.  H.  Rowe. 

*  See  **  List,"  in  Transactions  I.  of  Man  Nat.  Hist,  and  Antiq.  Sor.,  vol.  i., 
pp.  )43-7. 
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iron  are  all  there,  they  are  in  too  small  quantity  to  be  of  anr  Talne'  It 
is  also  mentionea  that  three  shallow  shafts  opened  on  the  hill  abore,  uA 
levels  driven  or  re-opened  there,  had  discovered  Lujffe  workings  of  tin 
'  old  men/  bat  very  little  ore.  In  1800, ''  from  North  Bradda,  at  kit,  some 
ore  has  been  raised  and  sold,"  a  very  fair  course  of  lead  ore  having  been 
found  in  a  winze  down  about  14  fathoms  on  the  eastern  lode.  In  1868,  ve 
learn,  ''  the  Bulwark  lode  or  farthest  point  W.,  under  the  sea,  has  so  fat 
been  a  disappointment,  containing  little  else  than  quartz  with  an  agite-lib 
structiire."  In  1871,  the  North  Bradda  shaft  was  down  9  feet  bdow 
70  fathoms,  and  ^  here  the  lode  is  a  great  quartzose  cellular  mass  of  the 
hardest  charactw,  streaming  on  all  sides  with  salt  water,  and  oontainiM 
only  small  spots  of  copper  ore."  In  1872,  the  workings  at  Spittak  Sbft 
are  described  as  being  25  fathoms  below  the  adit  from  the  clifi^wkidi 
reached  the  shaft  at  54  fathoms  from  the  surface,  the  lode  keeping  iti 
great  size  here  '*  in  all  50  or  60  feet  wide,  inclusive  of  the  *douk '  or  soft 
argillaceous  lode,  and  the  '  Bulwark '  or  western  quartxooe  partj  Imt 
copiwr  ore  occurred  only  in  spots.  On  the  last  re-working  of  North 
Biudda,  it  is  not^  in  the  report  for  1883  that  the  40  fathom  level,  driven 
60  to  60  fathoms  N.  of  the  shaft,  had  ore  said  to  run  3  or  4  tool  per 
fathom,  but  '*  a  cross-course  had  disordered  the  lode  in  the  end." 

Coast  south  of  Fort  ErixL 

If  the  Bradda  Lode  be  continuous  southward  in  the  same  line  of  stiik^ 
it  should  be  again  intercepted  by  the  coast  about  |  mile  S.  of  Port  Erin 
Bay ;  and  we  nnd  in  tlus  locality  a  comparatively  small  but  well-marked 
vein,  with  an  easterly  underlie,  in  the  recess  of  Bay  Fine,  consistiiig  d 
(quartz  and  fault-breccia  with  iron  pyrites.  The  strike  of  tlus  vein,  howBfa; 
is  N.  10"  W.,  which  is  somewhat  to  the  seaward  of  Bradda  Head ;  it  ma 
possibly  be  a  branch  of  the  main  fissure.  At  Aldrick,  a  similar  recess  iinile 
larther  south,  another  fracture  is  revealed,  striking  about  N.  3*  W.  and 
hading  eastward,  which  emerges  again  on  the  shores  of  Calf  Soand 
near  Carrick  Nay  (six-inch.  Sh.  18)  500  yards  farther  south,  wbefe 
it  foniis  a  broad  lode.  This  nas  been  tested  by  an  adit  reported  to  be 
15  to  20  fathoms  in  length,  from  which  a  little  cop])er-ore  was  obtuned. 
I  wiis  informed  by  a  miner  who  liad  worked  both  here  and  at  Bradda  tint 
this  loile  resembled  exactly  the  Bradda  vein,  of  which  it  is  regarded  is  tk 
broiongation.  If  the  identification  be  correct,  the  Bradda  vein  must  hsfi 
fx>en  shifted  for  GOO  or  700  yards  to  the  westward  of  its  strike,  either  bft 
change  of  direction  or  by  cross  faulting.  It  is  more  probable  howefcr 
that,  as  at  Ballacorkish,  the  groimd  is  gashed  by  a  set  of  approximatdy 
parallel  but  discontinuous  fissures.  There  are  no  doubt  later  east  and  wot 
faults  here,  as  in  other  localities ;  but  it  is  scarcely  likely  that  these  are  lai^K 
enough  to  carry  the  Bradda  vein  to  Aldrick. 

Ballacorkish,  South  Foxdale,  or  Bushen  Mines.^ 

Though  not  i>ermanently  profitable,  these  mines  have  made  a  conskier- 
able  output  of  lead  and  zinc  ore,  of  which  they  are  the  only  workings  in  the 
south  of  the  Island  to  jield  an  appreciable  quantity.  Tteir  early  historr 
is  obscure,  but  the  vein  appears  to  have  been  worked  and 
al»andoned  prior  to  1811.-  It  is  also  mentioned  by  Macculloch  in  1819 ii 
an  abandoned  working.^  The  mines  lie  in  the  Manx  Slates,  about  half* 
mile  W.  of  the  village  of  Colby  in  the  parish  of  Arbory,  on  the  lower 
slnix\s  of  a  spur  from   tho  hilly  axis  of  the  Island.    Work  was  resumed 

*  Unless  otherwise  indicated,  the  account  of  this  mine  is  based  on  my 
i)or.N^>nal  examination  of  the  plans  and  part  of  the  workings,  supj  lemented 
by  information  supplied  by  Mr.  F.  Kitto,  the  manager  of  the  mine. 

-  (J.  WixkIs,  **  An  Account^"  'itc,  op.  cit.,  p.  \9.. 

'  '*  Western  Isles  *  vol.  ii.,  p.  574. 
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About  1862  and  carried  on  more  or  less  intennittently  at  the  one  or  other  of 
two  shafts  until  1893,  latterly  under  the  title  of  the  Rushen  Mines.  The 
MgTQgate  returns,  as  given  in  "  Mineral  Statistics  "  between  1864  and  1894, 
show  a  total  output  of  3,693  tons  lead  ore,  2,86^  tons  zinc  ore,  and  138 
tonfl  copper  ore. 

The  xnmes  comprise  two  separate  workings,  not  connected  underground, 
the  main  shafts  of  which  are  about  600  yards  apart.  These  workings 
appear  to  be  on  different  lodes,  or  otherwise  upon  a  lode  which  has  suffered 
ooDsiderable  lateral  displacement.  The  lode  or  lodes  have  a  general 
northerly  strike,  but  while  in  the  South  or  Ballacorkish  mine  the  average 
direction  is  2*  to  6'  W.  of  N.,  in  the  North  or  Rushen  Mine  it  is  about 
lO*  E.  of  N.  The  hade  or  "underlie  is  in  both  cases  principally  westward, 
at  from  10*  to  20"  from  the  vertical,  but  with  local  aeviations  bringing  it 
over  in  one  part  of  the  mines  to  the  opposite  quarter. 

The  South  Shaft  has  been  sunk  to  a  depth  of  75  fathoms,  with  levels  at 
12,  24,  36,  60,  and  75  fathoms.  The  longest  level  is  the  60  fathom,  which 
has  been  driven  about  490  vards  north  and  130  yards  S.  of  the  shaft.  The 
North  or  'Phosphate'  Shaft  luui  a  depth  at  the  time  of  my  visit  in  1893 
of  00  fathoms,  with  levels  at  15,  30,  45,  and  60  fathoms,  of  which  the 
45  fathoms  went  60  yards  S.  and  260  yards  N.,  and  the  60  fathoms 
about  the  same  distance  N,  these  being  the  pioneer  levels  of  the  mine.  In 
the  uppermost  part  of  the  mines  a  Itttle  copper  ore  was  obtained,  while  the 
lower  levels  yielded  only  galena  and  zinc-olende,  the  latter  chiefly  on  the 
western  side  of  the  lode.  The  ores  were  *  bunchy '  and  irregular  in  their 
mode  of  occurrence  throughout.  In  describing  the  uppenuont  level  in  the 
8.  shaft  in  his  report  for  1869,  Sir  W.  W.  Smyth  remarks  "  in  the  best  part 
of  this  .  .  .  .  .  the  lode  was  as  much  tis  5  or  6  feet  wide,  with  more 
massiye  ribs  of  ore  than  were  anywhere  to  be  seen  in  the  Island  except  only 
Foxdale  and  Laxey. " 

The  galena  of  the  south  mine  was  richer  in  silver  than  that  of  the  north, 
tbe  former  beingstated  to  run  15  to  16  ounces  to  the  ton  and  the  latter  only 
3  or  4  ounces.  The  water  percolating  alon^  the  lode  and  pumped  from  the 
shafts  averaged  from  30  to  35  gallons  per  minute  for  each  mine. 

Besides  the  ores  mentioned  above^  the  following  minerals  are  (juoted  in 
Sir  W.  W.  Smyth's  list*  as  occumng  in  the  vein  :  — Pyromorphite  [phos- 
phate of  lead,  from  which  the  N.  shaft  derived  its  name],  Cerussite, 
Chlorite  ("  according  to  Captain  Barkell "),  and  Ochre  and  Umber  [decom  • 
poeed  dolerite?].  Tne  country-rock  chiefly  consists  of  rather  flaggy  slate  ; 
thinly  bedded  grits  with  slate  partings  were  revealed  in  a  short  cross-cut 
E.  in  one  of  the  lower  levels. 

The  main  geological  interest  of  the  mine  lies  in  the  relation  of  the  lode  to 
a  dyke  of  olivine^olerite,  and  in  the  cross-faults  by  which  the  metalliferous 
▼ein  is  thrown.  The  olivine-dolerite  is  apparently  one  of  the  Tertiary  dykes 
(see  p.  327)  which  diverges  from  its  W.N.W.  course  on  encountering  the 
lode  and  follows  it  for  a  short  distance.  It  is  probably  identical  \idth 
the  intrusion  revealed  in  the  bed  of  the  Colby  River  a  few  yards  below 
the  com  mill,  and  again  in  the  little  glen  400  yards  W.  of  Colby  under 
the  garden  of  Ballasherlocke  (see  p.  185). 

As  previously  stated,  the  relations  of  the  metallic  infllling  of  this  lode 
to  the  intrusive  rock  afford  important  evidence  as  to  the  age  of  the 
ore^ieposits,  a  study  of  the  facts  leading  to  the  conclusion  that 
although  the  lode  existed  as  a  rock-fracture  previous  to  the  intrusion, 
some  nart  if  not  all  of  its  metallic  contents  were  subse»iuently 
accumulated,  therefore  attaining  their  present  position  at  a  comparatively 
late  geological  period  (p.  489). 

South  Mine.— The  dyke  was  first  reached  in  the  northward  drivings  of 
the  South  Mine  within  about  200  yards  of  the  shaft  and  was  more  or  less 
eontinuous  thence  to  the  end  of  the  levels,  accompanying  and  forming  part 
of  the  lode,  the  ore  lying  sometimes  to  the  east,  but  oftener  to  the 
west  of  it 

^  Trans.  Isle  of  Man  Nat  Hist  and  Antiq.  Soc.,  vol.  i.,  pp.  143-7. 
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This  portion  of  the  mine  was  inaccessible  at  the  time  of  mv  survey,  but 
is  described,  with  especial  refeience  to  the  intrusion,  in  JJrir  W.  W.  Smyth'R 
official  reports.  The  presence  of  the  dyke  is  first  mentioned  in  his  report 
for  1870  *  ;  in  the  following  year  Smyth  notes  the  adit  being  stopped 
"  on  account  of  the  apparent  destruction  of  the  lode  by  greenstone'' :  and 
in  1878,  that  in  a  deeper  level  the  "black-rock  or  dolerite"  maae  its 
appearance  and  seemed  to  militate  against  the  productiveness  of  the  vein. 
In  1879,  he  compares  the  intrusion  to  the  [Carboniferous]  igneous  rock  of 
Scarlet  Point  [from  which  it  is,  however,  distinct,  see  p.  325]  and  describes 
its  occurrence  in  the  GO-fathom  north  level,  at  that  time  210  fathoms  oat 
from  the  South  Shaft,  as  follows  : — "  I  regret  to  add  that  the  dolerite  or 
black  igneous  rock  ....  has  for  the  last  3>  fathoms  completely  over- 
powered the  lode  so  that  in  the  latter  part  hardly  a  trace  of  it  is  seen. 
J^cfore  that,  it  had  accompanied  the  lode  m  a  narrow  band  of  6  inches,  which 

had  api)eared  to  do  its  productive  qualities  no  harm There  are 

hitherto  but  few  precedents  to  go  upon  with  reference  to  this  dolerite  and 
basaltic  rojk,  but  it  is  evident  it  is  a  question  of  much  importance  in 
this  part  of  the  Island  from  its  action  here,  as  well  as  at  Central  Foxdale, 
and  m  a  minor  degree  at  Bradda."  In  1880,  in  describing  the  farther 
progress  of  this  level,  he  mentions  that  the  lode  was  a  mere  string,  not  yet 
out  of  dolerite  in  which  it  has  "  been  encased  for  80  fathoms  length,"— thus 
distinctly  implying  that  the  *  lode '  proper  is  newer  than  the  intrusion. 

North  Mine. — In  the  North  Mine,  where  it  was  practicable  in  1893  to 
examine  the  intrusion  in  the  lower  levels,  I  found  the  principal  dyke  to 
have  a  thickness  of  from  6  to  12  feet.  Small  fliers  of  the  same  rock 
occurred  among  the  lode-stuff  and  were  themselves  sometimes  dappled  with 
lead-ore  throughout,  this  association  suggesting  that  part,  at  least,  of  the 
metalliferous  contents  of  the  vein  had  oeen  introduced  alon^  with  or 
later  than  the  dolerite.  In  his  earlier  reports  quoted  above^  Sir  W.  W. 
Smyth  evidently  inclined  on  the  whole  to  the  miners*  opinion  that  the 
lode  was  intruded  upon  and  cut  out  by  the  dolerite  ;  but  with  the  progress 
of  the  working  in  the  North  Mine,  and  influenced,  no  doubt,  also  by 
evidence  obtained  about  this  time  at  Central  Foxdale  (p.  515)  and 
Langness  (n.  538),  he  abandoned  this  opinion;  and  in  1883  in  describing 
the  30  fatnom  level  of  the  new  shaft  he  remarks  that  the  ^p^und  was 
strongly  invaded  by  dykes  of  dolerite,  "  the  supjwsed  prejudicial  effect  of 
which  on  the  lode  is,  I  think,  not  confirmed  at  this  place,  since  there  are 
parts  in  which  a  rib  of  this  rock  from  4  to  8  inches  thick  wbs  flanked  on 
cither  side  by  a  branch  of  lode  with  lead  and  zinc  ore." 

We  leani  from  the  rf  |)ort  for  1881  that  in  the  upper  level  the  lode  was 
4  to  8  feet  wide,  "  having  in  places  very  beautiful  examples  of  gossany 
lead-oro  with  white  and  green  lead-ore ; "  and  in  1883,  that  in  the  30rathom.s 
the  lode  was  difficult  of  definition,  in  places  14  feet  wide,  and  two  levels  on 
it,  though  the  branch  usually  opened  on  was  about  2j  feet  wide,  mostly 
occupied  by  soft  gossan  witli  abundant  minute  crystals  of  white  lead  ore. 

From  information  obtained  at  the  mine,  it  api>ears  that  in  these 
workings  the  dolerite  was  continuous  southwarci  to  the  end  of  the 
longest  driving,  60  yards  S.  of  the  shaft ;  while  northward  it  was  lost,  at 
about  90  yards  from  the  shaft  in  the  45  fathom  level ;  at  95  yards  in  the 
60  fathom  level ;  and  at  about  100  yards  in  the  75  or  lowest  gallery,  probahlj 
striking  off  westward  upon  leaving  the  lode,  with  the  same  course  that  it 
held  before  intercepting  the  fissure,  as  it  was  not  touched  in  the  east  and 
west  cross-cuts  made  farther  north.  The  dyke  was  disturbed  and 
shattered  in  places,  probably  by  transverse  movements  after  its 
consolidation.  It  is  not  clear  whether  the  intrusion  is  continuous  from  the 
South  to  the  North  mine,  or  whether  w^e  are  dealing  with  separate  and 
parallel  branches.  The  end  of  the  most  northerly  driving  from  the  South 
Shaft  lies  about  240  yards  east  of  the  end  of  the  most  southerly  drivinf 
from  the  North  Shaft,  and  the  character  of  the  intermediate  ground 
s    unknown.      It    seems    most     probable    that    the   lodes     constitate 

»  MSft.  in  the  Woods  and  Forests  Office, 
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a  group  of  roughly  parallel  discontinuous  N. — S.  fissures,  and  that 
the  intrusion  in  traversing  the  tract  from  east  to  west  broke  across 
from  one  to  the  other,  and  followed  each  in  turn  for  a  short  distance 
only.  The  greater  portion  of  the  metalliferous  deposits  appear  to  have 
been  afterwards  concentrated  in  the  fissures  around  and  a  little  beyond 
the  places  at  which  the  dolerite  crosses  them. 

In  the  South  Mine  two  larse  transverse  east  and  west  displacements  of 
the  vein  have  been  recognised  by  the  miners.  One  of  these,  known  as  the 
'  Dowk  Lode, '  consists  of  a  belt  of  crushed  soft  ground  66  feet  broad,  which 
sets  in  15  yards  north  of  the  shaft  and  is  said  to  shift  the  metalliferous 
vein  190  feet  westward.  The  second,  named  *  King  Slide,  *  occurs  130  yards 
north  of  the  shaft.^  and  is  supposed  to  displace  tne  lode  westward  on  the 
southern  side.  Tne  miners'  identification  of  their  '  lode '  beyond  these 
breaks  is  of  course  open  to  doubt,  and  Sir  W.  W.  Smyth  refers  to  the 
workings  north  of  the  'Slide,'  in  his  report  for  1875,  as  on  "a  new  north 
and  south  lode  at  about  24  fathoms  beyond  the  old  one.''  and  in  1880 
mentions  the  ''  Blende  lode,"  52  fathoms  east  from  the  main  lode.  In  Great 
Laxey  and  other  Manx  mines  working  north  and  south  lodes,  though 
east  and  west  displacements,  recognisable  as  normal  faults,  are  not 
uncommon,  they  are  never  of  this  magnitude  (p.  487). 

Bellabbey  or  Ballasherlocke  Mine. 

The  site  of  this  extensive  but  unproductive  trial  is  on  the  eastern  bank  of 
the  little  glen  i  mile  west  of  Colby  (Sh.  16),  760  yards  north  of  the  main  road  to 
Port  Erin,  and  about  700  yards  east  of  the  *  Phosphate  Shaft '  of  the  Balla- 
corkish  Mine.  The  work  seems  at  first  to  have  been  carried  on  in 
connection  with  the  trial  in  the  cliff  at  The  Slock  (p.  536)  2  miles  farther 
north,  under  the  designation  of  the  "Bellabbey  and  Falcon  Cliff 
Mines."  The  earlier  workings  appear  to  have  been  the  adit  levels  in  the 
glen  north  of  Bellabbey.  These  were  referred  to  in  Smyth's  official  reports  for 
1862  and  1869  ;  we  learn  from  the  same  source  in  1870  that  the  adit  level  had 
been  driven  87  fathoms  and  discovered  only  a  string  of  mixed  lead  ore  and 
blende  2  to  6  inches  wide  and  a  few  yards  m  length.  A  shaft,  ultimately 
attaining  (in  1876)  the  depth  of  72  fathoms,  was  then  simk  and  leveu 
driven,  mostly  northward,  trom  it  at  12,  24,  36,  48,  60,  and  72  fathoms,  the 
longest  being  the  60  fathom  which  went  140  fathoms.  Besides  the  ore  in 
the  day  level  above  described,  a  little  galena  was  found  in  the  36  fathom 
level  north  and  in  a  few  other  places,  out  nowhere  in  profitable  quantity. 
The  supposed  lode  ran  approximately  north  and  south,  with  easterly 
underlie,  and  consisted  of  quartz  (gossany  at  the  top),  crush-rock  and '  dowk.' 
Water  was  raised  from  the  mine  by  the  pumps  at  the  rate  of  100  gallons 
per  minute.*  In  Smyth's  report  for  1872,  when  the  shaft  was  down  31 
fathoms,  it  is  stated  that  the  driving  had  "  met  with  a  little  copper  pyrites 
and  zinc  blende,  but  scarcely  any  lead  ore."  In  his  report  for  1876  there  is 
the  following  passage  : — *'  A  very  curious  and  exceptional  little  deposit  of 
copper  ore  occurred  in  a  *  warp '  or  loop  of  the  vein  in  the  48  level  north  60 
fauioms  from  shaft ;  a  bunch,  only  a  few  feet  in  length,  and,  as  I  fear,  only 
some  9  fathoms  in  height,  but  reaching  at  its  best  12  or  14  inches  in  thickness, 
assaying  13i  per  cent.  ^  It  is  also  mentioned  in  this  report  that  a  cross-cut 
at  the  72  level  9^  fathoms  beyond  the  old  lode  had  cut  another  lode  also 
dipping  east  but  at  a  steeper  angle.  In  1880,  Smyth  described  a  cross-cut 
at  60  fathoms  going  out  west  for  58  fathoms  without  attaining  any  results. 
lliis  appears  to  have  been  the  last  work  done  in  the  mine. 

^  These  displacements  have  been  indicated  on  the  published  geological 
map,  but  much  exaggerated  owing  to  the  small  scale  of  the  map. 

'  For  most  of  these  details  we  are  indebted  to  Mr.  R.  Barkell,  the  late 
manager  of  the  mine. 
^»MSS.  in  Woods  and  Forests  Office. 
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to  50  fathoms,  and  the  ^  lode  in  the  38  fathoni.s  [Hoiithl  is  of  good  size,  but 
valueless"  j  in  18f>3,  this  level  had  cut  a  slide  introducing  water  and  a 
better-looking  lode,  3  feet  of  which  carried  some  steel-grained  galena,  while 
the  60-fathora  level  south  showed  nothing  of  promise.  The  rejx)rt  for  18(35 
records  the  collapse  of  the 'shaft  "which  had  been  iiut  down  among  old 
workings,  and  appears  to  have  Ijeen  subjected  to  a  suaden  pnsssure  by  the 
fall  of  tneir  walls."  The  accident  brought  the  operations  to  a  close,  and 
the  failure  of  the  mine  is  locally  held  to  have  been  due  to  this  cause  alone  ; 
it  is  important  therefore  to  note  that  Smyth's  rei)ort  for  the  previous 
year  (1864)  contains  the  opinion  that  "  this  lode  has  always  appeared  to  me 
a  hopeless  blank.*' 

The  Qlenchass  lode  has  been  supposed  to  continue  its  course  nortliward 
to  the  coast  between  Bradda  Head  and  Fle.shwick,  where  it  has  been  sought 
for  in  some  small  trials  in  the  vicinity  of  a  branching  dyke  of  olivine- 
doleiite  at  Lhoob  ny  Chartfin  (Sh.  15).  An  intennediate  trial  in  the 
interior,  close  to  the  hamlet  of  Bradda  West,  known  as  the  West  Bradda 
Mnfs,  consists  of  an  adit  driven  24  fathoms,  with  a  sump  of  5  fathoms,  on  a 
lode  striking  somewhat  west  of  north  and  hading  east,  which  showed 
traces  of  blende  and  lead.^  In  referring  to  this  trial  in  his  report  for 
1882,*  Smyth  states  that  the  lode  had  been  tested  by  the  old  roxdale 
Company  40  years  previously,  and  expresses  doubts  whether  it  really 
coinades  with  that  ot  Glenchass. 

Castletown   Harbour. 

The  occurrence  of  a  little  galena  at  this  place  is  not  only  interesting  as 
affording  the  only  known  locality^  for  this  ore  in  the  Carboniferous  Lime- 
stone or  the  Island,  but  also  l>ecause  the  ore  is  associated,  like  the  copper 
pyrites  of  Lansness,  with  olivine-dolerite  (Tertiary  ?)  dykes.  Cumming  in 
1845  describea  the  circumstances  as  follows  :— "  This  dyke  has  greatly 
altered  the  limestone,  and  more  particularly  in  those  jtlaces  where  it 
encloses  a  mass  of  limestone  betwixt  two  of  its  branches.  In  this 
crystallised  and  altered  limestone  we  meet  ^^^th  thin  strings  of  galena.*'* 
During  Uie  mining  excitement  in  the  Island  some  20  years  later,  a  small 
trial  was  begun  at  this  place  which  was  alluded  to  l^y  Sir  W.  W.  Smyth, 
in  his  report  for  1867  in  the  following  terms  : — "At  Castletown,  a  gretit  cry 
has  been  made  about  a  discovery  of  ore  in  the  limestone  rocks  1)ordering 
the  harbour.  A  shaft  is  now  sinking,  but  in  it  I  found  no  trace  of  vein, 
and  it  remains  to  be  seen  by  driving  a  cros8-cut  from  it  whether  anything 
be  there  on  which  a  mine  can  be  opened."" 

Langness  Copper  Mines. 

The  prolonged  and  exi)ensive  series  of  trials  on  the  western  shore  of 
Langness  on  some  small  copiwr  veins  known  to  Cumming'*  in  1845  seems 
to  have  been  commenced  about  1875,  as  we  learn  from  Smyth  s  reiwrt  for  that 
year/  that  **  some  strings  and  vein-like  <leposits  of  occasionally  2  or  3  feet 
in  depth  have  been  opened  upon  the  foreshore  and  >ielded  some  very  good 

*  From  information  furnished  by  Mr.  W.  H.  Rowe. 

■  MSS.  in  Woods  and  Forests  Office. 

■  There  is  a  local  belief  tliat  lead  ore  occurs  also  in  the  limestone  at 
Balladoole,  a  little  to  the  north  of  the  fore-^^hore  ;  but  the  evidence  offered  is 
unsatisfactory. 

*  Quart  Joum.  Geol.  Soc,  vol.  ii.,  pp.  331-:J. 
»  MSS.  in  Woods  and  Forests  Office. 

*  Camming  says,  "  I  may  also  mention  that  along  the  side  of  the  dike 
cutting  the  southern  pohit  of  Langness,  and  in  a  nanow  gully,  1  have  met 
with  file  vuns  of  copper  in  the  schist."    Quart.  Joum.  Geol.  Soc.,  vol.  ii., 

^  7  MSS.  in  Woods  and  Forests  Office. 
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copper  pjTites.''    The  work  was  prosecuted  at  various  spots  from  that 
time  until  1880  ;  and  after  being  at  a  standstill  for  a  few  years,  was,  towards 
the  end  of  the  decade,  resumed  near  the  southern  extremity  of  the  headland, 
but  has  since  been  again  suspended.    The  strings  of  ore  were  first  dis- 
covered in  the  Carboniferous  Basement  Conglomerate,  but  most  of  the 
workings  have    uassed  into  the    underlying  slate.    As  at  BaUacorkiBh, 
North  Bradda  ana  Central  Foxdale,  the  close  association  of  the  metaHiferou 
deposit  with  intrusions  of  olivine-dolerite  lends   considerable  geolo^cal 
interest  to  the  matter.    Unfortunately  in  spite  of  the  heavy  expenditure 
of  capital  the  total  quantity   of   ore  yet  obtained  has  been  quite  in- 
significant—only 10  tons  18  cwt.  of  copper  pyrites  standing  to  the  credit 
of  the  mines  in  the  official  returns  C^  Mineral  Statistics^  for  1890  and 
1892).    The  direction  of  the  supposed  lodes  is  approximately  north  and 
soutn,  with  an  easterly  dip.    Tne  string  of  ore  have  been  found  along- 
side or  in  close  proximity  to  small  ohvine-dolerite  dykes  that  fill  the 
fissures. 

The  most  northerly  working  is  a  small  trial-pit  iust  above  high-water 
mark  on  the  foreshore  of  Castletowu  Bay  420  yards  N.  of  Langness  Farm ; 
this  has  a  depth  of  26  feet,  starting  in  Csjrboniferous  limestone^  and  ending 
in  dark  Basement  Conglomerate. 

The  next  is  a  shaft  320  yards  S.W.  of  the  above-mentioned  farmstead, 
sunk  to  a  depth  of  12  fathoms,  on  the  raised  beach  near  high- water  mark, 
the  upper  50  feet  being  in  conglomerate  and  the  remainder  in  slate.  From 
the  bottom  a  cross-cut  was  dnven  westward  under  the  shore,  at  first  in 
slate  but  afterwards  in  conglomerate,  and  is  described  as  follows  in  Sir 
W.  W.  Smyth's  report  for  1876  .—"This  passes  through  mottled  slaty  rock 
beneath  the  Conglomerate  and  at  thirty  fathoms  out  has  intersected  the 
vein  of  2  or  3  feet  thick  including  a  ^*  black  stone '  or  trap  and  with  some 
good  ix)rtions  of  yellow  copper  ore  in  it " 

The  most  extensive  trial  of  the  series  is  situated  on  the  top  of  a  low 
cliff  225  yards  farther  south^  where  a  shaft  has  been  sunk  verticailv  inalate 
to  a  depth  of  44  fathoms,  with  drivings  westward  from  it  under  the  shore. 
The  shaft  is  said  to  have  interct;pted  the  eastward  dipping  lode  at  30 
fathoms  from  the  surface.  The  lower  part  of  the  mine  was  flooded 
during  my  stav  in  the  neighbourhood,  but  I  was  able  in  1893  to  examine  a 
cross-cut  to  tne  lode  at  12  fathoms  depth,  in  which  the  junction  of  thi 
slate  and  conglomerate  was  seen  to  occur  at  a  small  fault  striking 
N.  8*»  E.,  and  to  be  accompanied  by  a  rib  of  intrusive  dolerite  like 
the  branching  dyke  so  beautifully  exposed  on  the  foreshore  above  (p.  195)t 
Strings  of  copper  pyrites  lay  along  the  junction  of  the  dvke  with  the 
congloinenite,  and  to  a  nunor  extent  at  its  junction  with  the  slate.  On 
the  oi)posite  side  the  ore  in  places  permeated  the  margin  of  the  igneoos 
rock,  like  the  lead-ore  at  Ballacorkish  (p.  534),  and  was  most  plentifm  in  a 
bifurcation  of  the  dyke.^ 

The  40  fathom  level  was  described  by  Sir  W.  W.  Smyth  in  his  import  for 
1878,  as  a  cross-cut  running  S.  of  west  for  35  fathoms  in  clay-slate,  with 
short  drivings  along  a  string  running  N.  and  S.  at  18  fathoms  from  the 
shaft,  and  along  a  second  a  little  farther  out  having  a  slightly  diff(Bi«nt 
course,  both  utterly  barren  and  devoid  of  promise,  leadmg  to  the  condasioD 
that  the  bunch  or  two  of  ore  in  the  overlying  conglomerate  were 
extinguished  at  this  depth  in  the  slate. 

The  evidence  on  the  foreshore  shows  that  the  relation  of  the  dyke  to  the 
lode  is  the  same  here  as  at  Ballacorkish  and  North  Bradda,  an  intrasioQ 
striking  W.N.  W. across  the  headland  (p.  177)having  been  diverted  northward 
for  a  sliort  space  by  the  fissure,  but  soon  escaping  from  it  and  going 
off  W.N.W.  again.  Tlie  ore  in  places  impregnates  the  matrix  of  the 
oonglomerate  as  well  as  the  dyke-rock,  and  must  have  been  concentrated  in 
its  present  position  either  during  or  after  the  intrusion.  It  is  important  to 
note  that  both  here  and  at  Langness  Point  the  strings  of  ore  occur  only  in 

*  Our  thanks  are  due  to  the  en^neer  and  captain  of  the  mine  f or  f acilitiea 
afforded  on  this  and  other  occasions. 
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the  proximity  of  the  dykes  ;  at  the  same  time,  there  are  many  more  of 
these  dolerite  dykes  in  the  neighbourhood  which  are  not  accomijanied  by 
metalliferous  veins. 

The  course  of  the  *  lode'  of  the  above  mine  after  it  is  abandoned  by  the 
dyke  is  indistinct,  and  does  not  appear  to  give  rise  here  to  a  displacement 
at  the  surface  ;  though  it  may  possibly  be  prolonged  into  the  sharp 
anticline  breaking  northward  into  a  small  fault  which  brings  up  the  oval 
inlier  of  conglomerate  among  the  limestones  on  the  foreshore  N.W.  of 
Langness  Farm  (p.  195). 

Southward  of  the  shaft,  at  a  distance  of  200  yards,  an  adit  has  been 
driven  into  the  cliff  through  banded  slates  traversed  by  small  sheared  pre- 
GBLrboniferous  dykes  of  *  greenstone;'  and  300  yards  south  of  this  again, 
just  beyond  The  Arches  (p.  190),  there  is  another  adit  36  fathoms  long,  in 
the  Carboniferous  Conglomerate. 

The  remaining  workings  are  in  slate  at  Langness  Point,  east  of  the  bound- 
ary of  the  Carboniferous  rocks.  Here,  on  the  south  shore  of  Poi't  Bravag 
(6-inch,  Sh.  19)  200  yards  east  of  the  extremity  of  the  headland,  a  dyke 
of  dolerite  a  foot  or  two  wide,  striking  N.  8°  to  15**  £.  along  a  fissure  in  slate, 
showed  a  string  of  copper  pyrites  along  its  western  side.  To  test  this, 
a  shaft  was  sunk  to  26^  tathoms  on  the  ridge  about  100  yards  to  the  east- 
ward, and  a  north-west  cross-cut  commenced  to  intercept  the  lode,  but  was 
not  comnleted.  Specks  of  galena  were  found  on  joint-faces  in  the  slates  of 
this  level.  A  smaller  pit  was  then  sunk  to  8  fathoms  in  close  proximity 
to  the  fissure,  and  a  short  cross-cut  driven  from  it  to  the  dyke,  but  the 
result  was  discouraging.  The  present  surface  of  the  slate  at  this  |K)int 
is  nearly  identical  witn  the  ancient  floor  on  which  the  Carboniferous 
Conglomerate  originally  rested  (p.  191),  so  that  the  disappearance  of  the 
copper-ore  downward  m  this  place  as  well  as  in  the  previous  workings 
suggests  that  these  particular  metalliferous  strings  tend  to  die  out  on  passing 
down  from  the  conglomerate  into  the  slate-rocks. 

The  cliffs  on  the  eastern  side  of  Langness  have  l>een  tested  in  several 
places  by  short  excavations  along  planes  of  dislocation  and  crushing  in  the 
slate,  but  without  revealing  anything  of  promise. 

NOBTHEEH    HEMATITE    GEOUP. 

Reference  has  Injen  made  in  preceding  chapters  to  the  occurrence  of 
hematite  iron-ore  in  the  veins  which  traverse  the  slate-rocks  in  the  north- 
eastern part  of  the  massif,  and  to  the  probability  that  it  may  indicate  a 
former  overlap  of  the  New  Retl  strata  ui)on  the  Manx  Slates  in  this  (juarter 
(jK  125  and  p.  291).  So  far  .is  is  known,  it  is  only  in  the  north-eastern 
dLstrict  that  lodes  of  this  mineral  occur  among  the  sUtes,  though  chalvbite 
(carbonate  of  iron),  andiron  pyrites  are  abundant  constituents  of  all  the 
metalliferous  veins,  and  pyrrnotine  (magnetic  pyrites)  is  also  present  in 
some  places.  The  supposition  that  the  hematite  may,  as  in  Cumberland,  be 
connected  with  the  former  extension  of  the  Triassic  rocks  over  the  area  is 
greatly  strengthened  by  the  discovery  in  the  deep  borings  in  the  extreme 
north  of  the  Island  (Chap.  VII.),  of  Triassic  rocks  of  considerable  thickness, 
resting  on  the  denudwi  edges  of  Carboniferous  strata,  the  latter  being  always 
stained  and  veined  with  hematite. 

From  the  conspicuous  aspect  of  this  red  ore  in  considerable  veins  in  the 
cliff  on  both  sides  of  Maugnold  Head  (p.  12r)X  its  ])resence  must  have  been 
known  in  early  times.  As  mentioned  in  the  historical  introduction  to  this 
chapter,  we  know  that  the  mine  at  Drynane  was  working  in  the  year  1700, 
but  no  particulars  are  forthcoming  resi)ecting  the  o|>erations  previous  to  the 
nineteenth  century  ;  they  probably  consisted  of  the  older  j  art  of  the  adit- 
leveb  into  the  cliff  which  have  since  been  driven,  at  intervals,  farther  and 
farther  inland.  Though  in  the  aggregate  a  large  (juantity  of  ore  has  been 
obtained  from  these  mines  (see  Table,  pp.  496-7),  the  output  does  not  appear 
to  have  been  sufficient,  at  any  time  of  which  we  have  trustworthy  record, 
to  meet  the  working  expenses,  and  the  mines  have  consequently  been 
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mctkaUr  abandoned  since  about  1874.'  Two  separate  lodes  or  sets  of 
lodes  have  yielded  the  chief  production,  the  first  that  which  trsTenes 
Mao^iold  Head,  and  the  second  running  parallel  inland  1|  miles  farther 
westwani  known  as  the  Ball^jofa  (BaliJAgorra  of  Ordnance  map)  or 
Maeher-e-breck  lode.  Besides  these,  several  minor  trials  have  been  inids 
in  the  district,  bat  aD  apparently  withoat  result. 

Kanghold  Head  IGnen.' 

C>n  the  northern  side  of  Manghold  Head,  at  Stack  Mooar,  a  great  veiii  of 
fault -breccia  and  quartz,  with  cavities  containing  hematite,  strikes  in  a 
sonth-easterly  direction  across  the  foreshore  and  into  the  diff,  with  as 
exposure  almost  equal  to  that  of  Bradda  Head  in  size  and  interest  (p.  125). 
Its  width  at  the  foot  of  the  cliff  is  about  40  feet,  and  it  hades  or  dipsncvth- 
eastward  at  15'  from  the  vertical  The  most  important  of  the  old  workingi 
at  this  point  is  said  to  have  consLsted  of  a  deep  adit-level  driven  in  iicm  a 
little  above  hi^- water  mark  for  95  fathcmis,  with  cross-cuts  for  5  or  10 
fathoms  both  ways  at  the  end,  but  it  appears  to  have  yielded  no  appreciahle 
quantity  of  ore. 

Better  success  attended  another  opening  on  the  lode,  known  as  the  Glbi 
Mine,  about  i  mile  »S.K  of  the  above  and  close  to  Maughold  village.  At 
this  place,  aixmt  100  yards  N.W.  of  The  Vicarage,  a  shaft  and  some 
shallower  trials  were  sunk,  and  two  levels  driven  on  the  lode,  the  lower 
going  south-east  for  196  fathoms  and  north-west  for  212  fathoms.  This 
work,  according  to  Gumming,  was  {»incipaUy  done  by  a  company  formed  in 
1836  ;  and  a  few  vears  later,  when  a  Glasgow  geutleman  beoEtme  sole  lessee 
of  the  Maughold  Mines,  the  annual  shipment  of  hematite  from  the  district 
is  stated  to  have  been  about  500  tons  per  month.'  seventy  men  beiBf 
employed.  The  south-eastward  driving  of  the  Glebe  Mine  appears  to  have 
pas^sed  about  100  yards  to  the  north  of  Maughold  Church,  ana  if  prolonged 
m  the  same  direction  would  have  emerged  m  the  cliff  above  Tniie  CnriL 
close  to  the  extremity  of  the  headland.  Hence  the  lode  which  was  followed 
cannot  directly  coincide  with  that  of  the  Southern  or  Dhyrnane  Mine  ncit 
to  be  described.  Indeed,  the  veins  of  this  district  in  spite  of  their 
ap^iarent  strength  in  the  cliff-sections  appear  all  to  be  of  limited  length,  form- 
ing a  group  of  impersistent  converging  or  radiant  fissures,  of  which  thoae 
which  strike  towards  points  between  north  and  west  are  more  or  less  metal- 
liferous. 

Drynane  Mine. 

This  term  is  applied  to  the  workings  on  the  southern  side  of  MaudioU 
Head,  in  a  little  inlet  500  yards  east  of  Port  Mooar  (Sh.  8).  As  mentaoMd 
in  the  footnote  on  p.  126,  the  name  Drynane,  written  Dhyrnane,  v 
erroneously  affixed  on  the  6-inch  Ordnance  map  to  another  inlet  200  yanb 
farther  north,  in  which  an  adit  has  been  driven  to  procure  umber.  T^ 
Drynane  Mine  proper  consists  of  a  level  goin^  in  from  the  cliff  for 
320  fathoms  in  a  N.N.W.  direction  on  a  lode  dipping  east,  with  sumps  on 
ore  Ixxiies  at  10  fathoms  and  37  fathoms  from  tte  entrance,  and  connected 
with  a  shaft  from  the  surface  at  70  fathoms.  A  laive  quantity  of  hematite 
was  obtained  between  the  mouth  of  the  level  and  Uie  snaft,  but  very  little 
farther  in.  The  chief  work  was  done  between  1857  and  1874,  and  b 
described  in  Sir  W.  \V.  Smyth's  reports  to  the  Woods  and  Forests  OflS«, 
from  which  the  following  abstracts  are  taken.  The  report  for  1858  statw 
that  in  driving  north,  the  level  passed  through  two  bundles  of  ore,  the  fiist 
small,  but  the  second  8  to  lOfeet  wide,  and  capable  of  remunerative  work-  bat 

*  Some  exploratory  work  was  done,  on  the  old  workings,  a  year  or  ti» 
ago,  but  has  led  to  no  result. 

^/  For  information  regarding  the  old  workings  I  am  chiefly  indebted  lo 
Mr.  W.  H.  Rowe, 
»  "Isle  of  Man,"  p.  311. 
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in  the  two  following  vears  we  learn  that  no  more  ore  had  been  found,  though 
a  shaft  had  been  sunk  on  the  vein,  and  a  10  fathom  level  driven  north  and 
sou^.  In  1861,  the  adit  was  95  fathoms  in  [beyond  shaft  ?].  but  with  "  no 
appearance  of  promise,  although  the  lode  is  some  15  feet  wide.  The  south 
level  has  also  been  advanced  a  long  way  without  any  farther  disco verv  of  ore. 
The  mineral  is  so  evidently  disposed  in  discontinuous  ^  bunches '  that  the 
prospects  of  the  mine  are  extremal v  uncertain."  In  1863,  the  adit  was  250 
fathoms  in,  but  the  lode  had  dwindled  till  there  was  scarce  a  vestige  of  it. 
In  1864  we  read.  ^*  On  careful  examination  I  saw  that  the  drift  was  really 
carried  on  in  the  lode,  and  that  it  occasionally  formed  a  vein  of  a  foot  or 
two  in  width,  but  utterly  valueless."  The  later  reports  contain  only  passing 
reference  to  the  workings,  until  1873  when  it  is  noted  that  a  long  way  in  the 
old  level  and  to  the  east  of  it,  on  climbing  a  ri^e  some  7  fathoms  ud,  a  rib  of 
<ve  of  minor  importance  was  seen,  '^  not  to  compare  with  the  ola  deposits 
worked  away  years  aso." 

The  Umber  Mine  level  mentioned  above,  which  was  last  in  operation 
between  1887  and  1893,  appears  to  be  driven  on  a  decomposed  dyke  of 
olivine-dolerite  havinj?  the  usual  north-westerly  direction.    On  a  plan  in  the 
don  of  Mr.  WT  H.  Rowe  this  is  shown  as  intersecting  the  Drynane 


level  a  short  distance  from  its  northward  termination,  with  indications  that 
the  dyke  may  have  slightlv  displaced  the  lode.  It  is  to  be  regretted  that 
no  iorther  evidence  is  available  as  to  their  relations. 


Ballajora  Iron  Mine. 

These  workings,  from  which  a  fair  amount  of  hematite  was  marketed, 
were  carried  on  between  1858  and  1874  on  N.  and  S.  lodes,  dipping  eastward, 
close  to  the  farmstead  of  Mar^her-e-brcck  (Maqher  -  of  old  one-inch 
Ordnance  map,  Mangher  of  new)  m  the  parish  of  Maughold.  There  are 
two  old  shafts  N.  of  the  farm,  one  said  to  be  18  fathoms  and  the  other 
about  30  fathoms  deep,  in  the  vicinity  of  which  the  chief  bodies  of  ore  were 
found  ;  an  adit  connected  with  these  workings  has  its  mouth  in  a  cross-cut 
2IK)  yards  S.  of  the  farm.  The  lode  seems  to  have  been  very  irregular,  and 
in  its  northern  portion  to  have  consisted  of  two  branches.^  A  few  descriptive 
details  have  been  gleaned  from  Sir  W.  W.  Smyth's  reports,  as  follows^  :— 
In  the  report  for  1859  it  is  mentioned  that  the  lodes  called  No.  1  and  No.  2 
have  proved  large  and  capable  of  yielding  a  fair  return  of  iron -ore,  but 
"unfortunately  a  great  proportion  of  this  is  carbonate  of  lime  and  iron 

E*elding  a  percentage  of  iron  [too  small]  to  bear  the  expense  of  carriage.'' 
\  1861,  the  No.  1  level  had  been  driven  a  long  way  "  m  a  large  lode  of 
impure  carbonate  of  iron,"  while  "  the  *  School-house  lode  *  has  yielded  some 
few  cargoes  of  first-rate  hematite,  but  where  hitherto  opened,  averaging 
from  1  to  2  feet  wide,  is  not  large  enough  to  insure  a  remunerative  mine. 
In  I872  ("  Ballajora  and  Maughold  Head  Iron  Mine  ")  it  is  noted  that  the 
adit  level  in  the  b.  ground  had  opened  in  a  new  lode  when  20  fathoms  in 
and  ^owed  "  2  to  5  feet  wide  of  a  fair  Quality  of  hematite  "  ;  and  in  the 
following  y;ear  "  two  stopes  and  a  sink  below  the  adit "  are  mentioned  in 
these  workings  which  soon  afterwards  fell  into  al)eyance. 

Other  trials  for  iron-ore,  regarding  which  little  or  no  information  has 
been  obtained,  are  indicated  at  several  places  in  this  neighbourhood  ;  on  the 
N.  side  of  the  Smithy  at  Ballasaig  there  is  a  large  spoil  heap,  marked  *^  Iron 
Mine  "  on  the  6-inch  map.  (Sh.  5) ;  similar  though  less  conspicuous  traces 
exist  in  a  field  250  yards  S.E.  of  the  Wesleyan  Chapel  at  Ballagorra ;  350 
yards  N.  of  this  chapel  is  the  obliterated  mouth  of  a  level  which  was 
driven  for  100  yards  mto  the  hill-side  ;  and  another  leveL  marked  "  Iron 
Mine''  on  the  6-mch  map  opens  into  the  cliff  500  yards  S.  of  Gob  ny  Garvain. 
(See  List  at  p.  662.) 


"  *  The  above  information  has  chiefly  been  obtained  from    Mr.   W.   H. 
I     Rowe, 

«  MSS.  in  Woods  and  Forests  Office. 
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MISCELLAVEOVS   TBIAL8. 

Abbey  Lands  Mine. 

This  designation  was  applied  to  a  trial  made  between  1865  auc 
the  Imnkn  of  the  tributary  to  the  RiTer  Glass  known  as  the  Sul 
1,150  yards  N.N.E.  of  tne  bridge  at  Abbey  Lands  (six  inch,  Sfc 
consisted  of  a  shaft  with  drivings,  on  the  east  bank  of  the  strea 
short  adit  on  tlie  west  bank.  Smyth  mentions  it  in  his  report  for  1 
"  sinking  on  a  lode  coursing  north-east,"  The  supposed  lode  is 
the  belt  of  crushed  f  emi^nous  slate  stiU  to  be  seen  m  the  bed  of  t 
a  few  yards  above  the  nuns  of  the  mine.  In  his  report  for  1867, 
authority  states  that  there  was  a  single  driving  east  at  28  fathoms 
containing  calc-sjiar  and  copper  pyrites ;  in  1868,  we  learn  that 
was  idle,  but  a  trial  adit  100  fathoms  farther  soutn  showed  anothc 
better  character  but  with  no  metallic  substances  ;  in  1869,  a  27-fat 
was  being  driven  west  to  cut  this  (north-and-south)  lode :  in 
28-fathom  level  had  been  driven  40  fathoms  on  a  lode  nortn-wes 
which  13  yards  in  length  had  been  slightly  orey  ;  in  1871,  ¥ 
the  27-fathom  south  level  was  driving,  Smyth  refers  to  "the 
obscure  character  of  this  piece  of  ground" ;  in  1872,  the  27-fat 
had  apparently  intercepted  the  second  vein  mentioned  above,  wbi 
to  be  a  large  lode  but  with  no  met&Uic  substances  of  any  value 
work  was  then  stopijed.  In  reporting  on  a  proposed  a^isignme 
lease  in  1883,  Sir  W.  W.  Smyth  stated  :  '*  I  have  on  several 
examined  these  operations  underground,  and  never  yet  saw  anjrt 
promising  character,  or  that  would  give  ever  so  small  an  a: 
saleable  ore."* 

Ballaglass  or  Great  Mona  Mine. 

Large  sums  of  money  were  expended  upon  this  trial  of  a  smi 
and -south  lode  discovered  in  the  bed  of  Comah  River  1,050  yards 
high  road  from  Ramsey  to  Laxey.  The  workings  commenced  abc 
and  in  1857  Sir  W.  W.  Smyth  rei)orted  that  much  spirit  was  beii 
in  driving  the  10  and  24  fathom  levels,  on  a  vein  with  small  p< 
copjxjr,  zinc  and  lead,  but  too  narrow  to  warrant  much  further  on 
same  year  there  is  a  record  of  9  tons  of  lead  ore  and  8  tons  of  z 
the  credit  of  the  mine  in  "  Mineral  Statistics,"  which  appears  to  be 
return  made  from  it  Tlie  mine  was  then  8us})ended  for  some  j 
restarted  by  the  Great  Mona  Mining  Co.  in  1866,  with  no  bette 
In  1867,  Smyth  noted  that  a  few  stones  of  ore  had  been  raised  ;  am 
that  the  shaft  was  down  to  50  fathoms,  with  no  improvemei 
appears  to  have  been  the  depth  attained  when  work  was  abandoE 
lode  is  said  to  have  been  nowhere  more  than  6  to  12  inches  wic 
have  had  an  easterly  underlie.  A  small  uncrushed  igneous  dyke  o: 
character  traverses  an  E. — W.  joint  or  small  fault  in  the  slaty 
mediately  to  the  westward  of  the  mine  (see  p.  140),  and  must  be  in 
by  the  lode.  An  intrusion  of  diflferent  character  has  been  encot 
the  workings,  as  shown  by  the  fragments  of  sheared  'gr 
containtnl  in  the  spoil-heap. 

Ballaskeg  Mine. 

The  Great  Mona  Company  also  drove  two  levels  (the  longest  a 
60  or  70  fatlioms)  into  the  cliff  700  yards  N.  of  Port  Cornah  oi 
W.  lode  containing  traces  of  copper  ore,  which  were  know 
Ballaske(}  Mine.  Another  level  was  driven,  etjually  unprofiti 
the  side  of  the  valley  near  Coirany  Bridge. 

'  MSS.  in  Woods  and  Forests  Office. 
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Barony  Mine. 

Thitf  name  was  given  to  a  small  trial  for  copper  made  many  years  ago  on 
a  conspicuous  N. — S.  lode  exposed  on  the  foreshore  200  yards  S. W.  of 
Port  Ck>mah,  as  described  in  a  previois  chapter  (p.  129).  The  shaft,  on  the 
low  cliff,  is  said  to  have  been  sunk  16  fathoms,  and  a  level  driven  S.  from 
it  at  10  fathoms,  until  stopped  by  water,  on  a  good  gossany  westerly 
dipping  lode  with  some  carbonates  of  copper.  A  cross-cut  adit  was  after- 
wiunls  driven  from  Port  Cornah.* 

Baldwin   Mine. 

This  old  mine,  the  site  of  a  long  and  obstinate  trial  with  the  most  meagre 
results,  is  located  on  the  east  bank  of  the  Kiver  Glass  opposite  the  hanilet 
of  Baldwin.  A  plan  of  the  mining  sett  in  the  Woods  and  Forests  Office, 
dated  1864,  shows  two  parallel  lodes.  "  No.  2  "  and  "  No.  3,"  40  or  50  yards 
apart,  striking  approximately  N.N. vV.,  intersected  by  other  two  ("No.  1 " 
and  I'Wheelcase  Lode")  similarly  parallel  and  the  same  distance  apart, 
striking  E. — W.,  but  these  lodes  were  probably  more  or  less  imaginary. 
From  tne  papers  accompanying  this  plan,  it  appears  that  a  level  had  Ix^en 
driven  in  the  first  instance  by  the  Isle  of  Man  (Foxdale)  Mining  Gompanv, 
and  abandoned.  Later,  sometime  between  1850-55,  an  attempt  was  made 
by  other  oarties  to  sink  a  shaft ;  and  finally,  in  1862,  a  lease  was  granted  to 
toe  "  Baldwin  Mining  Company,  Limited,"  and  work  commenced  m  earnest. 
In  1873,  we  find  it  stated  that  about  £20.000  had  been  expended,  and  ore 
sold  to  the  value  of  £168  3<.  3o?.  onlv,  witn  some  5  or  6  tons  more  at  the 
sorface  partially  imwashed.  Sir  W.  W.  Smyth's  reports  contain  many 
details  of  the  workings.  In  the  rejwrt  for  1863  we  learn: — "From  the 
bottom  of  the  shaft,  now  17  fathoms  deep,  a  cross-cut  is  driving  N.  and 
S.  to  intersect  the  three  veins  which  have  been  seen  at  the  surface.  The 
southern  one  is  without  nromise,  but  the  ground  looks  more  favourable  in 
the  direction  of  that  lode  which  at  a  shallower  level  had  last  year  yielded 
some  laige  lumps  of  lead-ore."  In  1867  the  shaft  was  66  fathoms  deep,  with 
driyings ;  in  the  42-fathom  S.  level  a  little  ore  had  been  obtained  on  the 
hanging  side.  In  1868  the  42-fathom  level  was  out  no  less  than  140  fathoms 
from  the  shaft ;  and  "  one  little  course  of  ore  is  yielding  lead  and  blende 
ores,  rather  in  cwts.  than  in  tons  "  and  hardljr  worth  the  timbering.  In  1870 
the  66-fathom  level  on  No.  2  lode  is  mentioned  as  having  for  about  14 
fathoms  yielded  a  fair  amount  of  ore.  but  im])rovement  was  still  needed. 
In  1871  a  winze  had  been  sunk  11  fathoms,  and  about  12  fathoms  of  a  77 
fathom  level  driven  "  unfortunately  finding  only  jwverty  beneath."  The 
following  year  we  learn  that  the  capital  of  the  company  was  exhausted. 

OhiOy  otherwise  East  Baldwin  Mine. 

The  ruins  of  this  mine  may  be  seen  in  the  East  Baldwin  valley  on  the 
east  bank  of  river  50  yards  north  of  the  mill  at  Ballawyllin.  It  seems  to 
have  been  commenc^  in  1866,  and  furnishes  another  example  among  Manx 
mines  of  long  and  costly  working  with  the  most  insignificant  result.  It  is 
mentioned  in  Smyth^s  report  for  that  year  as**  a  small  shaft  sinking  on 
a  not  very  pronounced  vein,"  and  reference  is  made  in  the  following  year  to 
the  unwarranted  excitement  in  Douglas  over  a  surface-discovery  at  the 
mine.  In  1868  Smyth  notes  that  a  10-fathom  level  showed  the  "lode 
of  a  very  confused  and  ungainly  appearance,"  and  that  no  ore  whatever  was 
being  raised.  In  1869,  the  mine  was  down  to  35  fathoms,  "  but  there  is  here 
a  junction  of  veins  with  an  exceedingly  puzzling  piece  of  ground  to 
unravel  ....  a  little  good  ore  had  been  met  with  m  one  place  for  2  or 
3  fathoms  in  bn«j;th/'  in  the  2J-fathom  level.  In  1870,  the  lode  was  being 
cut  in  the  50-fathoni  level,  but  the  little  ore  obtained  was  from  a  sump  in 

'  From  information  obtained  from  Mr.  W.  H.  Rowe. 
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the  35-fathom  level, ''  which  is  the  only  exception  to  the  mass  of  confnaed 
and  broken  black  sround.''    In  his  next  report  Smyth  states  that  the  mine 
was  sunk  to  60  fathoms,  and  that  a  level  at  50  fathoms  was  25  fadioms  long 
"  with  nothing  of  promise  till  close  to  the  end,  where  came  in  a  favoon^ 
looking  branch  of  zinc-blende."    In  1872,  with  the  shaft  at  70  fathoms,  it 
is  not^  that  much  driving  had  been  done,  ^  but  with  the  corioos  renill 
that  neither  the  £.  and   W.,  nor  the  N.  and  S.  lode  can  be  found  oie- 
b^Bkring  except  in  the  one  limited  bunch  "  previously  recorded  ;  and  in  187), 
the  70-f athom  level  had  been  driven  some  fathoms  east  and  west  ^  in  black 
slate  country,  and  showing  not  a  spark  of  anv  useful  mineral,*  while  tlie 
60-fathom  level  was  drivmg  north  on  a  N.-S.  lode,  but  wiUiout  a  trace  of 
ore.    After  which  it  is  not  surprising  to  read  in  the  following  year  that  the 
mine  had  stopped.    It  was  restarted,  however,  bjr  "  The  Manx  Silver-leid 
Mining  Company,  Limited ;"  and  Smyth  noted  m   1876  that  a  little  ore 
had  been  scraped  up  in  the  36-fathom  level  from  the  skirts  of  the  originil 
bimch  ;  and  in  1878,  that  the  shaft  was  down  to  92  fathoms,  and  that  it  wai 
intended  to  carry  it  down  to  104  fathoms — an  intention  which  does  not 
appear  to  have  been  fulfilled. 

The  only  returns  from  this  mine  published  in  '*  Mineral  Statistics  "  are  b 
the  years  1872,  1874,  and  1875,  the  total  amount  being  24|  tons  lead  ore 
and  39  tons  8  cwt.  zinc-blende. 

Douglas  Head  Mine. 

Some  utterly  profitless  mining  work  was  done  on  Douglas  Head  (SL  IZ) 
between  1865  and  1871,  consisting  of  a  lonf;  adit  driven  in  from  tiie  cliff  tt 
the  southern  side  of  the  headland,  and  a  snaft  on  the  summit  S.W.  of  Fort 
Anne  Hotel.  The  character  of  the  operations  will  be  understood  from  the 
following  extracts  from  Sir  W.  W.  Smyth's  reports : — In  1866  the  report 
states  that ''  a  shaft  had  been  sunk  for  14  fathoms,  and  a  couple  of  fathoms 
driven  on  a  lode  coursing  N.E.'  and  S.W.  with  *  umbery '  gossan,  but  no 
appearance  of  ore ;  while  a  cross-cut  adit  was  driving  from  'Billy  Gilbert'i 
harbour,'  which  will  have  to  be  pushed  from  60  to  70  fathoms  in  order  to 
meet  an  expected  lode."  In  1866^  the  level  driving  in  from  the  sea  had  **no 
apix^rance  whatever  of  a  promismg  character"  ;  m  1868,  it  had  a  length  of 
80  fatlionis  in  hard  ground  [Lonan  Flags]  costing  £l3  to  £16  per  fathom, 
"  the  vein  a  mere  string  without  a  speck  of  mineral  in  it  the  wnole  way "  ; 
and  in  1870,  the  shaft  had  been  sunk  ''  24  fathoms  on  a  course  termed  a  lode 
but  having  a  very  problematical  appearance  and  not  a  grain  of  any  kind 
of  ore." 

Elian  Vannin  MineJ 

Under  this  term  an  unproductive  trial  was  made  between  1870  and  1875 
in  the  little  glen  locally  known  as  Cartwright's  Glen,  which  joins  Glen  Aoldyn 
south  of  Skyhill  farm.  The  workings  were  commenced  on  the  stren^  of 
the  discovery  of  lumps  of  lead-ore  in  a  gossany  north-and -south  vein  m  the 
bed  of  the  stream,  which  it  was  thought  might  be  the  prolongation  of  the 
Laxey  lode.  The  favourable  indications  disappeared  however  in  adits 
driven  north  and  south  on  the  lode.  A  level  was  then  driven  from  the 
bottom  of  the  valley  200  yards  lower  down^  below  the  bend  of  the  stream. 
to  cross-cut  the  lode  under  the  hill.  This  is  said  to  have  attained  a  total 
length  of  104  fathoms,  ^ith  branches.  Sir  W.  W.  Smyth  notes  in  his  report 
for  1 874  that  the  long  level  failed  to  show  the  least  sign  of  any  vein  on 
which  to  open  workings.  A  shorter  level,  30  fathoms  long,  driven  north- 
north-westward  from  the  fork  of  the  streams  due  S.  of  Skyhill,  to  test 
another  supposed  lode  known  as  the  Douk  Veiuj  was  equally  unsuccesftfuL 
The  cost  of  the  trials  must  have  been  considerable,  and  no  ore  wai 
marketed. 


From  plans  and  information  furnished  by  Mr.  W.  H.  Rowe. 
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Glen  Anldyn  Lead  Mine.^ 

This  name  was  given  to  a  series  of  trials  in  the  upper  part  of  the 
picturesque  glen  which  falls  into  Glen  Auldyn  from  the  east  at  Balleigh- 
era«^  (six-inch^  Sh.  5).  The  earlier  workings  in  the  ravine,  500  yards  west 
of  the  mountain  road  below  North  Bamile,  consisted  of  sinkings  and  short 
levels  on  a  vein  striking  N.  20°  E.,  with  a  westerly  dip.  A  dyke  of  olivine- 
dolerite  (described  on  i).  136)  is  intercepted  by  the  sui)|)osed  lode  at  this  point, 
but  I  have  not  been  able  to  obtain  definite  information  as  to  their  relation- 
ahio.  A  deep  adit-level  was  afterwards  start^  200  yards  lower  down  the 
▼alley,  to  cross-cut  the  lode ;  and  was  driven  69  fathoms,  but  is  said  only  to  have 
cut  the  '  flookan,*  a  subsidiary  vein,  and  not  the  main  lode.  Sir  W.  W. 
Bmyth  refers  to  the  workings  m  his  report  for  1866,  describing  the  vein  as  a 
•*  soft  lode  on  which  adits  are  driving  ....  with  small  isolated  stones 
of  lead  ore."    No  returns  of  ore  were  made. 

In  another  branch  of  the  same  glen,  400  yards  west  of  the  above,  at  the 
place  marked  "Lead  Mine"  on  the  six-inch  Ordnance  map  (Sh.  5),  there 
18  an  old  working  regarding  which  no  information  is  forthcoming;  it 
appears  to  consist  of  a  level  driven  south,  but  no  lode  is  visible. 

Glen  Crammag. 

An  old  adit  may  be  seen  in  the  east  bank  of  this  glen,  300  yards  above 
its  junction  with  the  Sulby  River  (Sh.  7).  It  goes  E.  20"  N.  on  a  dislocation 
at  the  margin  of  the  "crush-conglomerate,"  the  "lode"  consisting  of  crushed 
slaty  pyritous  fault-stuff  and  quartz.  This  is  probably  the  working 
mentioned  by  Smyth  in  his  report  for  1866  as  being  on  a  "  very  impromising 
great  dowk  lode.' 

Glenfaba  Trial. 

Respecting  the  working  on  the  south  side  of  the  Neb  about  100  yards  N. 
of  Raggstt,  Smyth  reported  in  1858,  "a  level  has  been  driven  a  few  fathoms 
from  near  where  the  road,  at  one  mile  south  of  Peel,  crosses  the  river,  but 
there  is  no  lode  at  alL" 

Glen  Meay  or  North  Fozdale  Mine. 

A  plan  of  metalliferous  veins  at  *  Glen  May,*  dated  1826,  is  preserved  in 
the  Woods  and  Forests  Office,  showing  two  north  and  south  "  main  veins," 
and  three  N.W.—S.E.  " cross- veins "  or  "feeders  '  with  the  note— "The 
whole  of  these  veins,  laders  and  feeders  bear  leaa  ore  to  the  surface,  and 
are  in  every  way  promising  to  be  productive  in  that  metal."  The  workings 
afterwards  carriea  on,  chieflv  between  1857  and  1865,  were  situated  550  yards 
from  the  shore,  or  150  yards  higher  up  the  glen  than  the  position  of  the 
^veins  as  shown  on  this  plan  which,  however,  may  have  been  incorrect 
in  scale. 

In  Sir  W.  W.  Smyth's  reports  for  1858  and  1869  it  is  stated  that  small 
portions  of  ore  were  visible  in  the  workings,  but  no  appearance  of  a  regular 
or  strong  vein.  In  1861  we  learn  from  tlie  same  source  that  drivings  were 
l>eing  prosecuted  "at  15  fathoms  deep^  in  two  lodes  running  pretty 
distinctly  through  clay  slate  and  from  6  inches  to  2i  feet  in  breadth,  but 
unfortunately  yielding  no  ore  ;  traces  of  iron  pyrites  and  carbonate  of  iron 
being  all  the  metalliferous  matter  present."  In  1866,  "  favourable  stones  of 
lead  ore  have  been  met  with  at  various  points,  but  not  continuous  enough 
to  be  of  value."  in  1866,  a  14  fathom  level  had  been  driven  a  great  many 
fathoms  east  to  no  purpose,  as  well  as  a  cross-cut  north  :  while  "  a  short 
croes-cut  south  on  tne  extreme  west  of  the  workings  has  laid  open  a  very 


»  Information  chiefly  furnished  by  Mr.  W.  H.  Rowe.  to   whom  I  an 
indebted  for  a  copy  of  a  mining  plan  of  the  locality. 
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promising  appearance  of  lead  ore,  at  the  rate  of  several  cwt.  of  ore 
to  the  fathom.  In  1867,  it  is  stated  that  in  the  last  3  fathoms  of  the  shaft 
the  vein  had  yielded  stones  of  lead  to  make  up  3  or  4  tons.  In  1868,  the 
workings  are  described  as  a  50-fathom  inclined  shaft,  and  a  driving  of  3 
fathoms.  In  1869,  we  learn  that  the  50-level  had  been  driven  70  fathoms  west 
and  30  fathoms  east  on  an  unkindly  lode  yielding  nothing  whatever ;  and 
his  is  the  last  mention  of  the  mine  in  these  reports. 

Glen  Rushen  and  Xiarbyl  (Isle  of  Man  Antimony 

Mining  Company). 

In  an  old  trial  made  about  the  middle  of  last  century  on  the  shores  ol 
Niarbyl  Bay  in  search  of  the  westward  prolongation  of  tne  Foxdale  lode,  t 
small  body  of  antimony  ore  (antinwnite)  was  discovered.  As  it  was  cor- 
rentlv  believed  that  more  of  this  ore  might  at  that  time  have  been  obtained 
if  it  had  been  considered  worth  working,  the  ground  was  reopened  in  189  H 
by  an  adit  driven  eastward  into  the  cliff  at  Traie  Vrish  (Sh.  12X  400  yaidi 
S.E.  of  The  Niarbyl,  only  to  find  that  the  ore-body  had  been  naerely  a  small 
pocket  which  had  been  entirely  cut  out  in  the  previous  workings.*-  Speci- 
mens of  the  ore  may  still  be  obtained  from  the  old  spoil  heap  at  Uie  foot 
of  the  cliff  at  this  place.  It  is  apparently  the  only  occurrence  of  thk 
mineral  in  the  Island. 

A  renewed  attempt  was  made  mider  the  same  auspices  to  diacov^  the 
Foxdale  lode  in  Glen  Rushen,  west  of  Beckwith's  Vein  (p.  504),  but  without 
success. 

Injebreck  Mine. 

Under  this  name  a  trial  was  made  between  1872  and  1876  in  the  valky 
of  the  head- waters  of  the  River  Glass,  300  yards  N.E.  of  Injebreck  Hoose, 
at  the  place  marked  Lead  Mine  on  the  six-inch  Ordnance  map  (Sh.  10). 
Sniyth  described  it  in  1874  as  consisting  of  a  shaft  22  fathoms  deep,  witht 
bit  of  level  east  and  a  cross-cut  south,  revealing  mere  specks  of  ore  of  no 
value. 

Eerroo-Mooar  Mine. 

This  rather  extensive  mining  trial  was  made  between  1860  and  1870  ii 
the  steep  bluff  of  slate  at  Kerroo  Mooar,  nearly  a  mile  to  the  eastwird 
of  the  village  of  Sulby.  It  consisted  of  three  levels  driven,  one  abow 
the  other,  southward  mto  the  hillside  on  a  somewhat  uncertain  *lode' 
striking?  nearly  due  south  with  an  easterly  underlie.  The  lowest  level  tra» 
about  100  fathoms  in  length  ;  the  second  80  fathoms  ;  and  the  highest  10 
fathoms  ;  the  vertical  distance  between  the  first  two  being  16  fathoms,  and, 
between  the  last  two,  10  fathoms.  In  the  two  upper  levels  a  little  gafem 
and  blende,  associated  with  barytes,  was  discovered,  but  not  in  marketal)le 
(j[uantity.  The  lowest  level  for  several  fathoms  from  it«  entrance  was  ia 
the  boulder  clay,  which  is  banked  thickly  against  the  foot  of  the  al«pt 
The  workings  intercepted  one  of  the  olivine-dolerite  dykes,  and  a  shallow 


V 
metal,  aud  a  thin  dyke  of  olivine-dolerite,  probably  a  *  flier*  f rom  t^ 

iyke  tound  in  the  mine,  is  seen  to  traverse  both  the  country- rock  and  tb 

'  greenstone.' 

Information  supplied  by   Mr.   Bawden,   the  manager  of   the  recesl 
workings. 
-  We  are  indebted  to  Mr.  W.  H.  Rowe  for  most  of  this  information. 
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Sir  W.  W.  Smyth  mentioned  the  operations  in  his  report  for  1866  as 
*a  promising  vein  being  driven  on,  but  without  farther  discovery  of  ore  ;" 
ind  in  1867  noted  that  *a  good  deal  of  veinstone  containing  lead  and  zinc 
)re  has  been  brought  to  the  surface,  but  none  yet  dressed  " 

Eirk  Michael  Lead  Mine. 

References  to  preliminary  operations  in  this  locality  are  contained  in 
5ir  W.  W.  Smyth's  reports  ^  for  the  years  1858,  1859,  1860,  and  1861,  but 
he  chief  work  on  this  small  mine  was  eflfected  at  intervals  between  1868 
knd  1883.  Its  total  yield  as  given  in  "Mineral  Statistics"  between  1870 
tnd  1883  was  222  tons  of  lead  ore.  It  is  situated  in  the  deep  glen  which 
ies  between  Slieau  Curn  and  Slieau  Freoaghane,  about  1 J  miles  S.E.  of  Kirk 
Ifichael.  and  furnishes  the  only  known  example  of  a  metalliferous  vein  in 
he  nortn- western  district  of  the  Island.  The  direction  cf  the  lode  seems 
o  have  been  about  W.  40''  N.— E.  40°  S.,  with  a  north-easterly  underlie, 
mt  after  being  traced  for  120  yards  it  was  lost  in  both  directions^  ap])arently 
hrough  cross-faulting,  being  intercepted  by  east  to  west  slides,  known 
«Bpectively  as  "  the  Great  Douk  vein  "  on  the  S.E.  and  the  "  Cross  lode  " 
m  the  N.  W.  The  mine  was  worked  by  three  day-levels  driven  into  the 
lill  to  intercept  the  lode,  and  by  a  shaft.  Other  trials  were  made  on  the 
iteep  slopes  on  both  sides  of  the  glen,  but  with  no  result.*-*  In  describing 
he  workings  on  the  productive  part  of  the  mine  in  his  report  for  1875, 
$m3rth  notes  that  in  the  No.  2  level,  S.  of  the  cross-cut,  a  shaft  had  been 
Hit  down  6  fathoms,  with  drivings  north  and  south  from  it,  the  lode  2  to  3 
•eet  wide  "  consisting  of  two  sniall  strings  of  galena  with  killas  between 
iiem,  and  yielding  at  most  8  or  10  cwt.  of  ore  iHjr  fathom."  We  are 
nformed  that  over  £10,000  was  exj)endcd  on  this  proi)erty. 

Laurel  Bank  and  Wheal  Michael. 

In  his  report  for  1863  Sir  W.  W.  Smyth  refers  to  a  working  of  this  name 
curried  on  ty  Mr.  Ashe  "  in  some  singularly  contorted  *  country  *  in  which 
vere  some  irregular  floors  of  quartz  sparsely  containing  delicate  stars  of  a 
rare  nickel-mineral,  *  Millerite,'  but  tnere  was  no  lode  at  all."  In  his  "  List 
)f  Manx  Minerals  "  (Isle  of  Man  Nat.  Hist,  and  Antiq.  Soc.,  vol.  i.,  p.  147) 
iie  same  authority  mentions  the  mineral  as  "delicate  capillary  crystal 
rein-stuff  at  a  trial  shaft  at  Rhenas,  south  of  Kirk  Michael."  It  is  not 
jasy  to  identify  this  locality  ;  Laurel  Bank  is  given  on  the  6-inch  Ordnance 
nap,  Sh.  9,  as  the  name  of  a  house  on  the  western  side  of  the  Neb  Valley 
me  mile  below  Glen  Helen  ;  Rhenas  is  two  or  three  milcfl  higher  up  the 
ame  valley  just  above  Glen  Helen.  There  are  traces  of  a  small  mining 
rial  between  these  i)laces,  500  yards  south-west  of  Lam bf ell  Mooar,  in  th^ 


.- '^^  ^ -,  - ny  Fedjaij, 

lOrth  of  Rhenas,  where  the  traces  of  a  shaft  and  other  workings  may  still 
e  seen.  Either  of  these  localities  may  be  the  i)lace  referred  to  ])y  Smyth. 
»ut  the  former  is  the  more  i)robablc.  An  old  plan  of  the  Wlieal  Michael 
Bit  in  the  possession  of  Mr.  W.  H.  Rowe  shows  two  supi>08ed  lodes ; 
ne  coursing  east-north-east,  on  which  the  shaft  is  sunk;  and  another, 
oursing  north-north-east  and  intersecting  the  first,  which  was  tested  by  a 
hort  level  in  Glion  Cannell,  i:)0  yards  north  of  Sliughlaigciuiggin.  Both 
ades  are  said  to  have  yielded  sami)lcs  of  lead  ore.  An  older  working,  appa- 
ently  of  greater  extent  but  respecting  which  no  information  is  forthcoming. 
ccurs  a  little  farther  east,  on  the  banks  of  the  stream  350  yards  north  of 
yronkbane  Farm,  in  the  vicinity  of  a  mass  of  intrusive  "greenstone" 
p.  137);  this  is  marked  ''Lead  Mine  (Disused)"  on  the  six-inch  map 
Sh.  6). 

*  MSS.  in  Woods  and  Forests  Office. 

•  The    above    information  has  been  furnished  by  Mr.   W.  H.  Rowe. 
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Kangliold  Head  Copper  Mine. 

This  working,  erroneously  marked  ''''Lead  Mine^  on  the  nx-indi 
Ordnance  map  (Sh.  5),  consiste  of  an  adit,  stated  to  be  60  fathoms  kmg, 
driven  into  the  clifF  on  the  south  side  of  Gob  ny  Strona,  the  most  easterty 
point  of  Maughold  Head,  on  a  dolomitic  vein  containing  a  little  copper 
pyrites,  striking  in  a  west-north-westerly  direction.  Sir  W.  W.  Smyth  re- 
ferred to  it  in  his  report  for  1866  as  "a  lode  3  feet  wide,  promising  in 
appearance,  l)ut  in  a  place  very  difficult  of  access  "  ;  and  in  1867  he  men- 
tioned that  a  shaft  had  been  sunk  for  10  fathoms  at  the  base  of  the  difi; 
where  the  ore  appeared  to  be  cut  out.  The  trial  was  abandoned  withool 
having  produced  any  marketable  ore.  (Since  this  was  written,  work  hu 
been  resume!  here,  the  shaft  deepened,  and  a  level  at  18  fms.  drivan 
towards  low-water,  where  the  lode  is  reported  to  widen  out.) 

Montpellier  Mine. 

This  was  a  trial  made  about  1866  in  the  ravine  of  the  western  feeder  ol 
the  Sulby  River  under  Sharragh  Bcdn  (Sh.  7)  600  yards  N.  of  Oroit  i 
line  of  disturbance  and  faulting  traverses  the  slates  in  this  glen  in  i 
W.N.W.  direction,  hading  northward,  which  may  have  constituted  tiic 
*  lode.'  Some  lumps  of  le«S-ore  are  said  to  have  been  obtained,  but  nothini 
of  permanent  value;  one  of  the  levels  is  stated  to  have  gone  about M 
fathoms.  Sir  W.  W.  Smyth  described  it  in  his  rei>ort  for  1866  as  "alevd 
driven  and  shaft  sinking  with  nothing  to  recommend  it." 

Mount  Dalby  Silver-Lead  Mining  Company^  Ltd 

Under  the  auspices  of  this  company  some  trials  were  made  near  Dalby 
about  the  year  1872  in  the  valley  of  the  Lagg  Riverj  half  a  mile  east  erf 
Barrane,  but  without  attaining  any  useful  result.  Sir  W.  W.  Smyth,  in 
October  1872,  after  examining  these  workings,  reported  that "  of  the  favour- 
able anpearances.  .  .  .  not  a  tracs  exists,"  and  that  the  only  facts 
were  tiiat  the  sett  contained  vein-like  traces,  in  which  no  ore  had  yet  been 
found,  in  the  direction  of  the  Foxdale  lode.  The  statements  which  were 
made  in  the  prospectus  of  this  company  must  be  read  with  astonishment 
by  anyone  knowing  the  ground. 

Onchan   (Donglas   Bay)   Mine. 

This  working,  which  appears  in  the  list  of  Manx  Mines  in  "Minenl 
Statistics  "  for  1891  and  the  succeeding  years,  consists  of  a  sump  and  an  adit 
in  a  direction  of  N.  10"--20°  W.,  in  the  slate  cliff  on  the  northern  side  of 
Douglas  Bay,  200  yards  west  of  Derby  Castle.  From  an  account  published 
in  the  "  Transactions  of  the  Manx  Geological  Society,  Session  1891-92' 
(reprinted  from  "Mona's  Herald"  newspaper,  6th  January,  1892),  it 
ai>pears  that  "  a  piece  of  almost  pure  plumbago  was  found  uix)n  the  shore 
within  a  very  short  distance  of  the  place."  and  the  working  seems  to  have 
proved  the  presence  of  that  mineral  in  tne  lode.  In  the  same  account  it  is 
stated  that  **  the  adit  so  far  shows  a  lode  containing  quartz,  lead,  baryta 
and  oxide  of  iron,  though  as  yet  only  in  moderate  Quantities."  A  later 
newspaper  report  announced  that  ore  had  been  founa  containing  several 
pennyweights  of  gold  per  ton,  but  the  discovery  does  not  appear  as  yet  to 
nave  assumed  any  economic  importance. 

Pen   (Beinn)   y  Phot   or   Sulby  River   Mine. 

The  insignificant  trial  thus  named  consisted  of  a  level  and  shaft  (marked 
on  the  6-inch  map,  Sh.  7)  on  the  west  bank  of  the  headwaters  of  the  Sulby 
River,  one  mile  S.VV.  of  the  summit  of  Snaefell.  Considerable  sums  must 
have  been  expended  on  the  erection  of  a  large  wheel  and  other  surface 
works,  the  ruins  of  which  are  still  conspicuous.    Sir  W.  W.  Smyth  refen 
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to  it  in  his  report  for  1866,  as  "  on  a  north  and  south  lode,  dowky  or  with 
soft  clay  '* ;  and  in  the  following  year  mentions  that  it  was  started  with 
fine  plans,  and  then  heart  lost,  in  a  later  communication  to  the  Woods 
and  Forests  Office  (Sept.,  1881),  he  remarks  that  no  conclusive  trial  was  ever 
made  at  tMs  place. 

The  Bamsey  or  Northern  Mine. 

This  trial,  on  which  some  thousands  of  pounds  were  expended,  was  made 
between  1866  and  1873,  on  a  small  north  and  south  vein  containing  a 
little  ffaleua  and  blende,  in  the  slate  cliff  at  Gob  Ago  (Sh.  5)  on  the  eastern 
side  of  Port  e  Myllin  ( Vuyllin  of  revised  Ordnance  map).  The  first  workings 
Gonsijsted  of  an  adit  driven  for  about  50  fathoms  southward  on  the  lode; 
a  shaft  was  afterwards  sunk  (26  fathoms  ?)  and  a  driving  under  the  sea 
northward  commenced,  where  it  was  expected  the  vein  would  intersect  the 
course  of  the  broad  belt  of  felsitic  igneous  rock  exposed  in  the  cliff  500 
yards  farther  eastward  (see  p.  124).*  No  further  discovery  of  ore  was 
made  however,  and  the  total  quantity  produced  was  too  small  to  be 
worth  marketing.  Another  old  level,  a  few  fathoms  in  length,  exists  in 
the  eastern  comer  of  Port  e  Myllin  200  yards  west  of  the  above. 

Sir  W.  W.  Smyth  makes  brief  mention  of  this  trial  in  several  of  his 
ie|x>rt8.'  In  1866  he  notes  there  was  "  nothing  more  met  with  than  pretty 
strings  1  to  3  inches  wide  with  good  galena";  in  1867  he  refers  to  it  as 
"a  tempting  vein  of  lead  ore,  but  far  too  small  to  be  important."  In  1871, 
the  shaft  had  been  sunk  21  fathoms  and  was  intended  to  go  5  fathoms 
deeper  :  in  1872,  a  cro^s-cut  was  being  driven  out ;  and  in  1874,  the  mine 
was  "idle." 

Notes  oh  othee  VEnr-PEODUcrs. 

Gold. 

From  the  general  character  of  the  Manx  Slates  and  some  of 
its  veins,  it  is  not  inherently  improbable  that  a  Uttle  gold  should 
be  found  in  the  Isle  ot  Man ;  but  the  evidence  for  its 
presence  is,  as  yet,  scarcely  satisfactory.  In  1867  D.  Forbes 
in  describing  the  occurrence  of  polytelite  in  the  Foxdale 
Mine  mentioned  that  the  Foxdale  granite  is  identical  in 
composition  with  some  auriferous  granites,  and  that  traces  of 
gold  were  reported  to  have  been  found  in  the  gullies  and  in 
quartz-veins  contiguous  to  it.^  Capt.  J.  Kitto,  late  of  the  Fox- 
aale  Mines,  informed  me  that  he  also  had  heard  that  specimens 
of  gold  had  been  found,  some  time  ago,  in  this  district,  but  had 
not  himself  seen  them. 

Among  Cumming's  geological  specimens  preserved  in  King 
William's  College  at  Castletown,  are  two  water- worn  fragments 
of  slate  showing  specks  of  free  gold,  in  the  ouo  o^iocimen  on  a 
smooth  cleavage  face,  and  in  the  other  in  a  ciusiiea  vein-streak. 
An  almost  illegible  label  on  one  of  the  specimens  appears  to  read 
•'  Langness,"  and  the  rock  is  of  the  kind  which  occurs  in  that 
locality.  The  reported  presence  of  gold  in  a  vein  mined  on  the 
northern  side  of  Douglas  ^y  has  been  mentioned  on  p.  548*. 

*  From  information  and  [ilan  furnished  by  Mr.  W.  H.  Rowe. 
«  MSS.  in  Woods  and  Forests  Office. 

'  "  Researches  in  British  Mineralogy."    Phil.  Mag.,  4th  ser.,  vol.  xxxiv., 

p.  354. 

♦  A  note  of  this  supposed  discovery  appeared  in  **  Nature"  of  Jan.  i4th 

1895,  vol.  li.,  p.  299. 
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The  metal  is  not  included  in  Sir  W.  W.  Smyth's  published  Ik 
of  Manx  Minerals.^ 

Since  the  above  was  written  a  small  trial  has  been  made  near 
the  Cluggid  in  Sulby  Glen  on  a  vein  reported  to  contain  gold ; 
and  another  trial  at  Maughold.  Both  are  how^ever  now  sus- 
pended.    (Aug.,  1902\ 

Molybdenite. 

This  mineral  occurs  as  a  thin  incrustation  on  joint-faces  of 
the  Dhoon  Granite  in  the  quarry  on  the  west  side  of  the  high- 
road, half  a  mile  north  of  Dhoon  Glen,  where,  according  to 
Smyth,  it  was  mistaken  for  lead  ore.*  It  has  not  been  observed 
elsewhere  in  the  Island. 

Plumbago. 

The  presence  of  graphitic  slate  at  two  or  three  localities  in  the 
Manx  Slate  Series  has  been  noted  in  a  {)reTious  chapter  (p.  94  and 
p.  134).     No  workable  deposit  of  the  mineral  has  vet  been  found 
m  the  Island.     In   Sir  W.  W.  Smyth  s  "  List  of  Manx  Minerals' 
(op.  cit.,  p.  143)  graphite  is  recorded  as  occurring  "  impure  in 
the  Snaefell  Lode  100  and  130-fathom    levels ";    and  in  some 
handbooks  of  Mineralo^  {e.g,,  that  of  Gre^  &   Lettsom,  1858, 
p.   2),  "  Beary  in   the  Isle  of   Man ''  is   given    as  a   locality 
tor  the  mineral.     Documents  in  the  Woods  and  Forests  Office 
throw  light  upon  the  last-mentioned  reference.     From  these  it 
appears   that    in   1852    leave   was  granted   to  the  Rev.  J.  G. 
Gumming  and  Dr.  T.  Underwood  to  search  for  manganese  and 
other  mmerals  m  the  parish  of  German,  east  of  the  Neb  and 
north  of  the  Peel  and  Douglas  highroad,  and  that  "  in  the  course 
of  their  searches  they  have  discovered  some  plumbago,  which 
they   wish    to    have    included    in    their  licence/'  which   vas 
accordingly  done.     In  February  1854,  the  resident  Crown  Agent 
reported  tnat  a  day-level  had  been  driven  about  25  feet  in  this 
sett,  with  a  side-cut  to  meet  the  opposite  cheek  of  the  vein ;  and 
that  about  40  tons  of  raw  stuff  had  been  raised,  but  the  samples 
were  not  sufficiently  good  in  quality  to  command  the  attention 
of  plumbago  mercnants  and  no  sale  had  been  eflected ;  strings 
of  copper  had  also  been  observed  in  the  district.     The  site  ot 
this  working  appears  to  have  been  on  the  slope  of  Beary  Moun- 
tain, but  the  exact  locality  has  not  been  identified ;  Cumniing 
no  doubt  refers  to  it  in  his  "  Guide  to  the  Isle  of  Man  "  (1861. 
p.  27),  where  he  states,  "  Plumbago  has  been  discovered  in  Glen 
Helen." 

The  discovery  of  a  piece  of  plumbago  of  good  oualitv  on  the 
foreshore  at  Douglas,  derived  from  a  neighbouring  lode,  hs 
already  been  mentioned  (p.  548). 

In  connection  with  this  subject  the  occurrence,  under  circum- 
stances previously  f?iscussed,  of  a  singular  string  of  anthracite 
in  the  Laxey  mines  should  not  be  forgotten  (p.  520). 

'  Op.  cit,  p.  116.  '  Ibid, 


tJNDfiscRiiJED  Trials. 


551 


LIST  OF  SMALL  MIHINO  TBIALS  HOT  DESCRIBED  IN  THE 

FOEEOOINO  FAOES.' 


Sheet  of 

6  inch 

Ordnance 

Map. 


Sheet  4. 


Sheet  5. 


Sheet  7. 


Sheet  8. 


Locality  and  Position. 


Hillside  S.  of  Ballaugh,  400 

yds.  W.  of  Com  MiU» 
Olen  S.W.  of  Sulby.  in  gully 

400  yds.  N.E.  of  Earykellue 
Glen  S.E.  of  Sulby,  in  bank  of 

stream  600  yds.  S.8.E.  of 

Ballamanaugn 
Steep  slope  300  yds.  S.E.  of 

Qlentramman  East,  marked 

Lead  Mine  on  6-inch  map 
Near  stream  700  yds.  S.W.  of 

Parkneakin 
Cliff  300  yds.  W.N.  W.  of  Port 

Lewaigue 
Glen  Skoggle,  120  yds.  S.E.  of 

Nascoin 
Stream    400   yds.    E.S.E.    of 

Stockfield 

W.  slope  of  Sartfell,  900  yds. 
S.E.  of  Barrowgarroo  Beg 

Head  of  Gliori   Kiarky  S.  of 

Slieau  Freoaghane 
Head  of  Glen  Auldyn  at  slate- 
trials     at   upi)er    fork   of 

streams 
Head  of  Comah  Glen,  between 

North  Laxey  Mine  (p.  524) 

and    East     SnaefelT  trial 

(p.  626) 
Comah  Glen,  S.  slope,  1,650 

yds.  W.  of  Corrany 
Comah  Glen.  S.  slope,  1,100 

yds.  S.W.  of  Corrany 
Comah  Glen,  in  gully  160  yds. 

S.  of  Park  Lewellyn 
Comah  Glen,    N.    side    of 

stream    200   yds.    W.    of 

Corrany 
Comah  Glen,  S.   slope,    250 

yds.  S.E.  of  Corrany 
E.  bank  of  small  stream,  250 

yds.  S.W.  of  Boilejrvelt 


Description  of  Working. 


Small  shaft 

Short  trial  along  fault 

Short  adit  going  E.  15  N. 


Adit:  stated  to  go  8  or    10. 

fatnoms  on  an  K-W.  "douk- 

lode" 
Small  sinking  on  "douk-lode 

with  spots  of  lead" 
Short  adit 

Adit  into  south  bank  of  stream 

Adit  into  west  bank  (?  part  of 
Wheal  Michael  workings ; 
see  p.  547) 

Adit,  marked  '*  Lead  Mine  "  on 
6  inch  map,  but  probably  a 
slate-trial 

Level  in  connection  with  slate- 
trial 

Two  levels  (?  for  slate),  marked 
on  6-inch  map 

Adit  in  north  bank  marked  on 
6  inch  map 


Adit  on  hill-side  marked  on  6 

inch  map. 
Adit  near  top  of  slope. 

Short  adit,  R  15  N. 

Adit  40  fathoms  long,  on  a 

well-marked    lode    without 

ore 
Small  shaft ;  hematite-stained 

slate  in  spoil-heap 
Small   shaft  1;    snoil-heap   of 

hematite-stainea  slate 


^  This  list  represents  the  old  trials  noted  on  the  working  map  during  the 
Survey,  respecting  which  no  information  was  forthcoming.  It  does  not 
profess  to  be  exhaustive,  as  there  have  no  doubt  been  many  other  trials  of 
which  there  are  now  no  distinct  traces.  It  is  intended  to  illustrate  the 
extent  of  the  exploratory  work. 

'  Distances  given  as  measured  on  the  C-inch  map) ;  place- names  in  italics 
will  be  found  on  the  6-inch  map,  but  not  on  the  1-incn. 
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Sheet  of 
6  inch 

Ordnance 
Map. 


Sheet  8 
(cohL). 


Sheet  9. 


Locality  and  Position. 


Ballasaig,  200  vds.  W.S.W.  of 

Smithy,  and  again  50  yds. 

N.  of  /Smithy 
Ballagorra,  400  yds.  W.S.W.  of 

Chapel  at  cross-roads 
Ballagorra,    350   yds.   N.    of 

Chapel  at  cross-roads 
Ballagorra,  250   yds.  S.E.  of 

Chapel  at  cross-roads 
Cliff  500  yards  S.W.  of  CJob  ny 

Garvain 

Cliff  at  Bul^am    Bay,    300 

yards  S.  of  DLoon  Mine  adit 

(see  p.  528) 
Dhoon,  in  small  ravines  east  of 

high  road. 
Head    of  Olion   Buy    (Olen 

Agneash) 
Glen  Agneash 


Lax^   Glen,   east  bank    of 

Stroan  ny  Fasnee. 
Liucey  Glen,  west  bank,   150 

yards  above  MtlL 
Laxey  Glen,  lower  part. 


Cliff  S.  side  of  White  Strand. 
Cass  Stroan,  150  yards  inland. 

N.  corner  of   field  350  yards 

KN.E.  of  Lambfell  Mooar. 
Cliff  300  yards  S.   of  Glen 

Meay. 
Gordon,  500  yards  W.  of  high 

road. 
Ballacoshnahan,  near  W.  mar- 
.  gin  of  valley  700  yards  S.  of 

Ash  Lodge. 
N.  slope  of  Slieau  Whuallian, 

300  yds.  S.W.  of  Glen  Aspet 
N.  slope  of  Slieau  Whuallian, 

300  yds,  3.E.  of  Glen  Aspet 
Lower  part  of  Foxdale,  west 

bank,  560  yds.  E.  of  Slieau 

Whuallian  Farm 
Lower   part   of    Foxdale,   in 

small  gully,  400  yds.  E.S.E. 

of  Sheau  Whuallian  Farm 
West  side  of  road  at  Ballaoates 
Slope   800    yds.    N.N.E.    of 

Ballagaraghan 


Description  of  Working. 


Small  shafts  (trials  for  hema-      i 
tite) 

Small  shaft 

Adit,  "  50  fathoms  long  "  (see 

p.  541) 
Small  shaft  (obliterated) 

Short  adit  N.  15.  W.;  marked 
Iron  Mine   on  6-mch  map 
(see  p.  127) 
Short  adit 


Several  short  adits  in  granite,  for 

*  polishing  powder  *  (see  p.  556) 
Adit  (and  shaft  ?)  marked  Lead 

Mine  on  6  inch  map 
Several  working  in  search  of 

N.   prolongation    of  Lazej 

lode  (see  p.  523) 
Adit  N.  25  E. 

Adit,  starting  in  till 

Several  working  in  search  of 

S.    prolongation    of    Laxey 

lode  (see  p.  521) 
Adit  along  small  fault  in  Peel 

Sandstone 
Shaft      in     Peel      Sandstone 

(see  p.  274) 
Spoil  heap,  small  sinking  ? 

Adit 

Adit    (and    sinking?)  marked 

LecLd  Mine  on  6  inch  map 
?  small  sinking 


Small  shaft 

Adit  in  connection  with  slate- 
trial 

Adit  S.W.  through  till  into 
slate 

Adit :  marked  Lead  Mine  <» 
6-inch  map. 

Adit 

Obscure  spoil-heap  ? :  graphite- 
trial  ?  (see  p.  550; 
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leet  of 
I  inch 
dnaace 
Map. 


Locality  and  Position. 


eet  10. 


leet  11. 


leet  13. 


heet  13. 


Dedcription  of  Working. 


S.  side  of  glen  N.  of  Carn 

G^rioil,  in  N.W.  comer  of 

field  200  yds.  N.  of  moun- 
tain road 
Hillside  S.  of  Greeba,  3u0yds. 

W.  of  Creg  y  Whttalliam 
N.  side  of  CooUltngUl,CtOO  yds. 

S.  of  Creg  y   WktuitlicMn 
N.  branch  of  Glen  Roy,  350 

yds.  £.  of  Ballaquine 
Chff,    7&0   yds.  S.  of  Laxey 

Harbour 
Clifl^  1,160  yds.  IS.  of  Laxey 

Harbour 
Clilf,  Grarwick,  on  S.  side  of 

Glen 
Cliff,  Garwick,  150  yds.  S.E. 

of  above 
OUn  Gavme.  Garwick,  S.  bank 

360  yds.  W.  of  shore 
GUn  Gatvne^  Garwick,  S.  bank 

100    yds.  W.  of   tram-line 

bridge 
Head   of  middle  fork  of  glen 

east  of  Ballelby,  near  Dalby 
Cliff  on  S.    side    of  Gob  ny 

Oaineren 
Glionn  Maarlidyh,   600    yds. 

E.N.E.    of    Ballavell,  Glen 

Rushen. 
Glen    Rushen,   W.     side,     in 

gullies  3u0yds.N.  of  Glionn 

ny  brack 
Glen    Rushen.    in    banks    N. 

of  high-road  bridge 
600  yds.  N.W.  of  South  Bar- 
rule  Quarries 
BeecU-feayn-nV'  Geay,        S.  W. 

side  of  Cronx  ny  Arrey  Lhaa 
Summit  of  Cronk  Fedjag 

Gully  260  yds.  N.E.  of  Garey 

Mooar 
Mooney  Mooar,  in  Glion  Cair^ 

200   and    250     yds.    below 

high  road 


S.W.  of  Granite  Mtn.,  300  vds. 

E.  of  head  of  IStrtuin  ncn 

rule 
Corner  of  field  300  yds.  S.  of 

Ellerslie  farm 
Hillside  600  yds.    S.S.K    of 

Ballingan 
West  bank    of  Santon  River, 

on  S.  side  of  road  360  yds. 

N.  of  Ballacorris 


Obscure    spoil-heap,  probably 
adit 


Spoil-heap  :  shaft  or  adit 

Shaft       (see  p.  518) 

Adit  E.  30  N.  into  bank  of 

stream 
Adit 

Adit  N.  10—20  W. 

Adit,  now  called  a  cave 

Adit,  now  called  a  cave 

Adit  and  cross  cut 

Adit  S.  30  W. 

Small  trial  (adit  ?) 
Small  trials 
Short  adit 


Short   adits  (see    p.   54C  for 
other  workings) 

Short  adits 

Adit  in  connection  with  slate- 
trial 
Adits  along  faults 

Adits      in     connection    with 

slate-trials 
Adit  along  decomposed  olivine- 

dolerite  dyke  (see  p.  556) 
Two  adits,  one  in  each  bank, 

respectively  N.  30K  and  W. 

36  S. 
Spoil  heaps  of  slate  ;    ?  small 

sinking 

Shaft 
Adit 
Small  shaft 
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Map. 


Sheet  13 
(cont). 


Sheet  14. 


Sheet  16. 


Sheet  16. 


Sheet  17. 
Sheet  18. 

Sheet  19. 


Localiiy  and  Poeition. 


East     bank    of    stream     at 

BaUahugh,  200  vards  S.E. 

of  highixMui  bridge  east  of 

Richmond  hill 
Cliff  at  Fiddler's  Green  700 

yards  S.  W.  of  Douglas  Head 
Chff  at   Slack   Indigo,    600 

yards  S.  W.  of  last 
Cliff  on    £.  side  of  Onchan 

Harbour 
Cliff  on  R  side  of  Port  Jack, 

600  ^wds  S.W.  of  last 
Cliff  m  Ohaw  Dhoo  on  N. 

side  of  Bradda  Hill 
Cliff  160  yards  W.  of  last 

Hillside   300    yards     W.   of 

"West       Bradda       trial" 

(see  p.  637). 
Head  of  Colby  River  300  yards 

W.S.W.  of  BallacanneU 
West  bank  of  Silverburn,  160 

yards  S.  of  Cregg  If  ill 
Chff  at  Traie  ny  Gill,  300  yds. 

W.  of  Port  Greenaugh 
Cliff  in  recess  W.  of  Baroo  Ned 
Cliff  at  Rhehoeg,  Bay  Stacka 

Cliff  on  E.  side  of  Langness, 
N.  of  Tarrastack  Rock 


Description  of  Workmg. 


Small  excavation :  trial  t 


Adit  (see  p.  644) 

Adit^  obliterated ;  marked 
Lead  Mine  on  6  inch  mM> 

Short  adit ;  marked  Lead 
Mine  on  6  inch  map 

Adit,  obliterated ;  marked 
Lead  Mine  on  6  inch  map 

Adit. 

Adit  f     near     olivine-dolerite 

dyke  (see  p.  171) 
Small  trial 


Adit  in  E.  bank 

Adit  (see  p.  197) 

Adit 

Adit  (see  p.  53S) 

Adits,  marked  Mine  on  6  inch 

map 
Two  short  adits,  40  yds.  apart ; 
(for  trials  on  W.  side  of  Lang- 

ness  see  p.  638.) 
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CHAPTER  XIII. 
NON-METALLIC  PRODUCTS. 

Umber  and  Ochre.  Roofing  Slate. 

Rottenstone.  Building  Stone. 

Fuller's  Earfh.  Road-material. 

"  Dun  Earth  "  or  "  Asbestos."  Lime. 

Vein-Quartz.  Bricks. 

Coal  ftials.  Sand  and  Gravel. 

Salt. 

Peat 

XTmber  and  Ochre. 

The  production  of  these  colouring  earths  in  small  quantity  in 
the  Isle  of  Man  dates  back  at  least  firom  the  beginning  of  the 
nineteenth  century.  MaccuUoch,  in  1819,  mentions  that "  yellow 
ochre  has  been  round  in  sufficient  quantity  in  some  of  the 
mineral  yeins,  to  haye  become  at  one  time  a  matter  of  export," 
but  that  the  mines  had  long  since  ceased  to  be  wrought.^  The 
mines  referred  to  were  probably  Bradda  and  Ballacorkish,  as 
Smyth  notes  the  occurrence  of  the  substance  in  these  lodes.*  In 
the  documents  relating  to  the  transfer  of  the  mineral  rights  of 
the  Island  to  the  Crown  in  1827-8,  Mallew  is  the  only  locality 
giyen  for  Yellow  Ochre ;  at  the  same  time  a  report  of  the  Crown 
Agent  states  that  "  of  this  oaker  there  is  great  abundance  in  the 
Island  of  excellent  quality "  but  that  the  lessee  had  failed  to 
make  it  pay.  From  the  somewhat  incomplete  returns  giyen  in 
"  Mineral  Statistics,"  as  shown  in  the  Taoles  -it  pp.  496-8,  the 
production  since  1858  seems  usually  to  have  ranged  between 
100  and  200  tons  per  annum. 

The  substance  has  been  obtained  from  two  distinct  sources. 
One  variety,  prepared  in  the  village  of  Ballasalla,  is  derived  from 
the  decomposed  black  flaggy  Carboniferous  Limestone  (Castle- 
town or  Lower  Limestone),  which  is  often  weathered  at  the 
surface  and  along  irregiilar  pipes  and  veins  into  brown  earth,  as 
may  be  seen  in  the  cliffs  north  of  Ronaldsway  and  in  the  large 
quarries  west  of  Ballasalla.  This  change  is  especially  noticeable 
where  the  limestone  is  dolomitised.^  During  our  survey  of  the 
district  the  principal  supply  was  being  obtamed  from  shallow 
pits  in  the  little  outlier  oi  Carboniferous  rocks  east  of  the  fault 
near  Athol  Bridge,  one  mile  N.N.W.  of  Ballasalla,  at  the  place 

*  "  Western  Isles,"  voL  ii.,  p.  579. 

'  '*  List  of  Manx  Minerals."  Isle  of  Man  Nat.  Hist,  and  Antiq.  Sec, 
vol.  i.,  p.  145. 

3  Similar  decompositi(»n  of  dulomiiic  limestone  into  umber  in  Devonshire 
has  b«  en  described  by  II.  J.  Frecheville  in  a  paper  on  **The  I'mU  r  Dei)osits 
at  Ashburton."    Trans.  Geol.  Soc.  Cornwall,  vol.  x.  (1884),  p.  217. 
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marked  U  on  the  geological  map.  The  6-inch  Ordn&n* 
(Sh.  16)  shows  an  *'umb€r  pit"  near  the  boundary  of  the  lii 
at  Billown,  600  yards  west  of  the  Ballahot  quarries,  but 
no  longer  worked  and  the  section  is  obUterated.  In  pi 
the  substance,  the  raw  material  is  pounded,  washed  and  i 
settling  tanks  in  which  the  umber  remains  as  a  fine  past 
then  dried  and  ground. 

The  other  source  of  the  material  is  firom  decomposed 
dolerite  dykes  and  from  rotten  ferriferous  slate  su 
veins,  and  sometimes  apparently  from  the  ferruginous 
of  the  vein-stuff  itself  Near  the  surface,  both  the  dj 
the^  country-rock,  as  well  as  the  vein,  are  occasionally  ] 
to  a  brown  earth  which  furnishes  the  umber.  The  chie 
of  this  variety  has  of  late  years  been  drawn  from  the  d 
in  the  cliff  on  the  southern  side  of  Maughold  Head,  m€ 
on  p.  126,  which  follows  the  course  of  an  olivine-doleri 
that  intersects  the  Dr3aiane  hematite- vein.  This  is  kno\^ 
Baldroma  Mine,  and  was  last  in  operation  between  1^ 
1893.  In  the  upper  part  of  the  Silverbum  basin,  in  a  gi 
yards  S.W.  of  (xarey  Mooar,  there  is  a  similarly  deco 
dolerite  dyke,  along  which  a  short  level  has  been  dri 
whether  for  lunber  or  in  search  of  other  ores  has  n 
ascertained. 

Botten-Stone. 

At  the  umber  works  at  Ballasalla  a  small  quantity  of 
stone,'  for  use  as  a  polishing  agent,  has  also  been  prepa 
raw  material  being  a  fine  argillaceous  silt,  which  nas  i 
lated,  apparently  by  rain-wash,  in  a  boggy  depression 
moorland  between  South  Barrule  and  (Jronk  Fedjag. 
used  for  the  same  purpose,  this  is,  of  course,  an  enturely  c 
substance  from  the  *  dun-earth '  described  below. 

Fuller's  Earth. 

4 

Information  regarding  the  fine  glacial  clay  which  has  b 
for  this  purpose  in  Glen  Wyllin  near  Kirk  Michael  will  t 
in  Chap.  XL,  pp.  428  and  447. 

'Dun  Earth'  or  'Asbestos/ 

The  *  Asbestos  '  (fibrous  tourmaline)  which  occurs  in  ^ 

the  Dhoon  Granite  under    conditions  described  in  a  j 

J  chapter  (p.  143)  was  mined  for  a  time  to  a  small  exte 

j  polishing    powder     early   in  the  past  century.      The   i 

was  mentioned  by  Woods,  in  1811,  as  being  in  local  m 
Henslow,  in  1821,  described  it  as  follows: — "  Fibrous  A< 
occurs  in  a  decomposing  state  near  the  Dun,  in  two  veil 
about  six  inches  broad,  traversing  the  decomposed  portio 


♦  .. 


^  *' Ad  Account,  etc,  of  the  Isle  of  Man,"  p.  17. 
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granite  and  gneiss.  It  is  accompanied  by  qiiartz,  which  it 
penetrates  and  frequently  colours.  It  may  be  taken  from  the 
vein  in  fibrous  bundles  of  three  or  four  inches  in  length,  but  it  is 
in  general  so  much  decomposed  as  to  have  assumed  an  earthy 
form.  ....  On  pressing  the  fibres  between  the  fingers 
the  J  crumble  to  a  harsh  powder  capable  of  taking  away  the 
polish  from  glass,  and  consequently  very  unfit  to  oe  used  in 
cleaning  plate,  a  purpose  to  which  it  has  been  applied.  I  found 
a  single  specimen  m  which  the  fibres  were  flexible.  Specific 
gravity  =  3-03."  ^ 

A  plan  of  the  workings,  dated  1826,  is  preserved  at  the  Woods 
and  Forests  OflSce,  showing  three  short  levels,  one  on  the 
northern  and  two  on  the  southern  side  of  the  stream,  with  a  note 
in  reference  to  the  northern  level  that  "  the  mineral  substance 
called  Asbestos  or  polishing  powder  disappears  at  the  end  of  the 
workings."  A  lease  had  been  granted  by  the  Duke  of  Athol 
for  the  mining  of  this  substance,  but  the  Crown  ^^  gent  in  re- 
porting on  it  in  1827-8  remarks,  "  Mr.  S wrought  this  for 

a  short  period  and  paid  15  guin*  of  Lordship,  but  he 
abandoned  the  work  some  years  ago,  but  whether  from  its  being 
unprofitable  or  for  other  reason,  I  know  not.' * 

Vein-duartz. 

The  broad  vein  of  this  substance  (]^uarried  on  the  N.E.  side  of 
the  Foxdale  Granite  has  been  described  on  p.  166.  It  has  been 
exported  on  a  small  scale ;  and  is  in  favour  locally  for  ornamental 
rock- work.  A  smaller  quarry  has  been  opened  in  a  similar  vein 
on  the  north  slope  of  Kerrowgarroo,  ^  mile  E.  of  Kennaa,  near 
St.  Johns  (p.  164).  The  material  occurs  in  strings  and  lenticular 
maases  in  every  part  of  the  Manx  Slates,  especially  in  the 
Barrule  Slates  (p.  320),  but  is  generally  more  or  less  entangled 
with  the  country-rock  and  intermixed  with  small  quantities 
of  mica,  chlorite,  pyrites,  etc. 

Coal  Trials. 

The  search  for  coal  in  the  Island  has  been  long  and  obstinate, 
and  as  yet  fruitless.  The  earlier  trials  were  foredoomed  to  failure, 
being  for  the  mosi  part  ignorantly  carried  on  in  rocks  older  than 
the  Uoal-measures ;  while  the  later  researches  in  the  north,  beneath 
the  drift-covered  plain,  where  alone  some  possibility  of  success 
existed)  have,  up  to  the  present  time,  failed  in  their  main  object ; 
though  they  have  revealed  a  small  salt-field  which  may  prove  of 
economic  importance. 

As  previously  noted  (p.  481),  we  learn  that,  as  far  back  as  1669, 
the  ruling  Lord  of  Man  (Charles,  8th  Earl  of  Derby)  "  being  by 
good  reasons  persuaded  that  there  is  plenty  of  coales "  in  the 

*  Trans.  QeoL  See.,  vol.  v.,  p.  408. 

'  MSS.  Athol  papers  in  Woods  and  Forests  Office. 
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Island,  ordered  a  search  to  be  instituted ;  and  Bishop  Wilson, 
early  in  the  18th  century,  referred  to  several  unsuccessful 
attempts  having  been  made  to  find  them. 

Dr.  Bcrger  discussed  the  subject  at  some  length  in  his  memoir 
published  in  1814,  and  gives  reference  to  some  older  records  in 
Curwen's  "  Agricultural  Report "  (Workington,  1810)    He  says:— 
"  While  I  was  in  the  Isle  (June,  1811),  two  or  three  spots  in  the 
north-western  part  were  particularly  pointed  out  to  me  as  places 
where  coals  did  actually  appear,  or  were  cropping   out     But 
when  the  matter  was  strictly  enquired,  the  reports  turned  out 
unfounded.  .  .  .  The  only  serious  attempt,  I  beheve,  to  find  coals 
in  the  Isle  was  made  at  IJerbyhaven  [in  Carboniferous  Limestone] 
many  years  ago  by  a  speculator  from  Cumberland.     After  having 
gone  to  a  certain  deptn,  not  finding  traces  of  them,  he  gave  up 
the  search  as  fruitless."^     Macculloch,  in  1819,  mentions,  out  dis- 
credits, the  report  that  coal  had  been  found  in  the  red  sand- 
stone near  Peel :  and  he  adds  that  since  his  visit  to  the  Island 
he  had  received  fragments   of  coal  said  "to  have  been  found 
under  the  limestone   or  in  the  conglomerate   of   Derbyhaven, 

where  some  expensive  borings  for  that  purpose  were  formerly 
made."2 

It  was  no  doubt  the  same  supposed  discovery  which  was 
referred  to  in  the  following  terms  in  the  *'  Manx  Mercury  "  of 
26th  Nov.,  1793  ^ : — "  We  feel  unspeakable  pleasure  in  being  able 
to  announce  to  our  readers  that  a  stratum  or  bed  of  coal  has 
been  discovered  near  Derbyhaven  in  this  Island,  at  a  depth  of 
about  60  feet  from  the  siuface  of  the  earth."  This  statement 
was  of  course  unfounded,  but  is  still  remembered  and  repeated 
in  the  locality. 

From  documents  preserved  in  the  Office  of  Woods  and  Forests 
it  appears  that  the  search  was  still  fitfully  continued  during  the 
first  naif  of  the  present  century.  The  resident  Crown  Agent,  in 
reporting  on  the  matter  in  1836,  says,  "  Many  trials  have  been 
made  and  considerable  sums  expended,  but  always  without 
success,"  and  refers  also  to  his  "  knowledge  of  many  unsuccessful 
trials  made  by  the  Inte  dike  [of  AtliolJ  to  find  coal."  Aliout 
this  time  a  licence  to  .search  for  coal  was  granted  to  E.  Forbes,  of 
Douglas  (father  of  Frofessor  Ed.  Forbes^  and  others:  and  it  is 
mentioned  that  trials  had  previously  from  time  to  time  been 
permitted  on  the  Wasto  Lands  (of  The  Ayro  ?),  but  without 
result.  In  a ''report  of  the  Directors  of  the  I^lo  of  Man  Coal 
Company,"  dated  22n(l  Fehniary,  IS  10  (quoted  in  the  prospectus 
of  a  later  company,)  the  following  details  of  a  boring  at  Ballasalla 

^  Trans.  Geol.  Soc,  vol.  ii.,  p.  56. 

2  *'  Western  Isles,"  ^ol.  ii.,  p.  574. 

3  Quoted  in  the  Prospectus  of  the  "  Isle  c»f  Man  Coal  Co.,  Ltd.**  (about 
the  year  1870). 

*  in  an  article  on  Manx  Geology  contributed  by  Prof.  R  Forbes  to 
Quig^n's  "  Guide  to  the  Isle  of  Man,"  it  is  stated  that  in  several  places, 
both  in  the  limestone  and  slate,  specimens  of  anthracite  or  bUnd-coal  occur, 
and  that  these  had  been  mistaken  for  bituminous  coal  and  led  to  nseleaB 
researches  (p.  56,  4th  ed.,  1852). 
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ire  given : — "  The  measures  gone  through  at  Ballasalla  are,  first, 
J  yards  white  sandstone ;  secondly,  24  yards  of  layers  of  lime- 
itone,  varied  from  2  to  7  feet  thick,  witn  intermediate  layers  of 
K)ft  blue  clay ;  thirdly,  23  yards  of  old  red  sandstone  in  layers 
Tom  3  to  12  yards  in  thickness,  with  three  layers  of  clay ; 
fourthly,  5  yaras  ferruginous  bands."  It  is  stated  that  these 
3xplorations  "  abandoned  for  a  time  for  the  purpose  of  searching 
It  the  north  of  the  Island,  were  intended  to  be  resumed,  but  in 
consequence  of  the  Company  breakinjj  and  losing  the  boring  rods, 
bhey  declined  to  further  prosecute  tne  work."  The  top  "  sand- 
stone "  is  probably  drift,  tne  lower  beds  being,  of  course,  the  Car- 
boniferous Limestone  and  its  Basement  Conglomerate  (see  p.  196). 
The  northern  boring  alluded  to  was  probably  that  made  at  the 
Craig  near  St.  Jude's  Church  in  1839,  described  by  Cum  mine 
in  a  passage  quoted  on  p.  280.  A  document  in  the  Woods  and 
Forests  Office,  dated  18tn  February,  1843,  mentions  that  upwards 
of  £1,000  had  been  spent  in  this  search,  which  had  been  suspended 
two  years  previously. 

Another  company,  with  the  title  of  "  The  Isle  of  Man  Coal 
Company,  Limited,"  the  prospectus  of  which  has  been  quoted 
above,  was  organised  about  thirty  years  ago  to  make  further 
search  for  anthracite  coal  in  the  neighbourhood  of  Ballasalla  and 
Derbyhaven,  but  no  information  is  forthcoming  as  to  its  actual 
operations.  In  1873  renewed  explorations  were  also  set  afoot  in 
tne  Peel  district.  All  that  could  be  learnt  respeciting  these  and 
the  earlier  trials  in  the  same  neighbourhood  has  already  been 
stated  (Chap.  VI,  pp.  278-9).  The  systematic  and  thorough  investi- 
^tion  in  the  extreme  north  of  the  Island  commenced  by  Messrs. 
Craine  Bros,  of  Liverpool  in  1891,  and  still  in  progress,  has  been 
fully  discussed  in  a  preceding  chapter  (Chap,  vll.,  pp.  280-95). 

Salt. 

Steps  are  being  taken  to  make  economic  use  of  the  salt  deposits 
discovered  in  Triassic  Marls  of  the  Point  of  Ay  re  borings,  described 
on  p.  289.  It  is  proposed  to  pump  the  brine  and  convey  it  in 
pipes  to  Ramsey  for  treatment.  In  "  Mineral  Statistics "  for 
1895,  p.  101,  a  return  of  10  tons  from  this  source  is  recorded — 
the  first  in  the  annaJs  of  the  Island. 

Feat. 

Information  regarding  the  distribution  of  peat  and  the  places 
where  it  has  been  dug  in  the  Island  has  been  given  in  a  foregoing 
chapter  (pp.  415-6). 

Boofing  Slate. 

Reference  has  previously  been  made  (Chap.  III.,  p.  50),  to  the 
many  costly  attempts  to  find  roofing  slate  m  the  Island  and  to 
the  uniform  ill-success  which  has  attended  them.     The  unsuit- 
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able  character  of  the  cleavage  and  flow-structures  (p.  73),  as  well 
as  the  prevalence  of  shear-planes  and  quartz-veins,  and  their 
combined  detrimental  effect  upon  the  hardness  and  compactnesB 
of  the  slate-rocks  sufficiently  explain  the  failure  of  these  attempts, 
and  in  most  cases  ought  to  have  been  a  deterrent  before  the 
loss  was  incurred.  These  trials  have  been  chiefly  made  in  the 
Barrule  Slates,  but  a  few  have  taken  place  in  slaty  bands  in  the 
Niarbyl  and  Lonan  Flaes.  In  the  aggregate  probably  not  fai 
short  of  £100,000  has  been  expended  in  this  manner  in  the 
Island  with  scarcely  any  return. 

Bishop  Wilson  in  the  middle  of  the  18th  century  referred  to 
blue  thin  Ught  slate  as  a  matter  of  export  ^ ;  and  Berger,  in 
1814,  mentioned  roofing  slate  as  being  obtained  at  Peel  Hill  and 
Ballagawne.'  The  oldest  of  the  systematic  trials  is  jH-obaUy 
that  at  the  northern  end  of  the  ridge  of  South  Barrule,  which  is 
inchided  in  the  schedule  of  the  property  transferred  from  the 
Duke  of  Athol  to  the  Crown  in  182*7-8.  At  that  time  the  slate- 
Quarries  of  the  Island  were  under  lease  to  Mr.  Knott ;  but  from 
tne  report  of  the  Crown  A^ent  it  appears  that  the  tenant  had 
met  with  opposition  from  the  natives  "  who  at  their  own  hand 
and  without  the  authority  or  Ucence  of  the  lord  had  been 
accustomed  to  work  the  same."*  This  custom  is  referred  to  by 
dimming,  who  states: — "By  the  insular  laws  every  person 
standing  in  need  of  limestone  or  building  stone  may  enter  <m 
his  neignbour's  land  and  dig  and  carry  away  what  is  requisite 
for  his  own  use,  paying  the  occupier  a  reasonable  satisfeiction 
which  appears  to  be  interpreted  merely  surface  damage."* 

Between  1860  and  1870  a  very  large  amount  of  development 
work  was  done  upon  the  South  Barrule  quarry ;  and  about  the 
same  period  more  or  less  extensive  openings  were  made,  amoog 
other  places,  at  the  north  side  of  Maughold  Head  near  Port  e 
Myllin  (p.  124);  at  the  head  of  Ballure  Glen,  south  of  Bamsey 
(p.  136);  at  several  spots  in  Glen  Auldyn;  in  Sulby  Glen  near 
tne  mouth  of  the  Block  Eary  tributary  (p.  133) ;  in  Glion  Kiark 
on  the  northern  slope  of  Sartfell  (p.  138) ;  in  the  valley  of  the  Neh 
near  the  mouth  of  Glen  Helen  and  lower  down  opposite  Ballig 
(p.  157) ;  on  the  coastward  side  of  the  hill  south  of  reel  (p.  147); 
on  the  northern  slope  of  Slieau  Whuallian  near  Glenaspet ;  on  the 
western  side  of  Foxdale  near  Ballageay  (p.  162);  in  the  West 
Baldwin  valley  west  of  Awhallan  (p.  157) ;  on  the  western  side 
of  Greeba  Mountain ;  on  the  east  coast,  at  Bulghara  Bay  and  a 
few  other  places;  in  Glen  Rushen  above  Glen  Meay  (p.  163); 
and  on  Cronk  Fedjag  (p.  164).  Numerous  other  lociiuties  where 
work  was  done  on  a  smaller  scale  are  mentioned  among  the 
topographical  details  in  Chap.  IV.  The  workings  were  mostly 
open  quarries,  but  in  a  few  cases  shafts  were  sunk  and  galleries 
driven.     Some  produced  a  small  quantity  of  slates,  of  inferior 

*  "  History  of  the  Tsle  of  Man  "  (Cruttweirs  ed.  of  1786),  p.  343. 

'  Trans.  Geol.  See.,  vol.  ii.,  p.  38 

«  MSS.  in  Woods  and  Foro^ts  Office. 

♦"Isle  of  Man,"  p.  311. 
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quality  and  in  no  instance  good  enough  to  compete  with  Welsh 
slates ;  the  best  seem  to  have  been  obtained  from  a  narrow  slaty 
band  in  the  Niarbyl  Flags  south  of  Peel  (see  p.  147).  For  many 
years  all  these  trials  were  abandoned,  but  work  was  resumed 
recently  for  a  short  time  at  the  South  Barrule  quarry. 

Sir  W.  W.  Smyth's  official  reports  contain  many  references  to  these 
quarries  during  the  years  of  their  activity,  and  as  some  of  the  workings  are 
now  filled  with  water  or  otherwise  inaccessible,  a  few  notes  from  this  source 
may  prove  useful.  In  18f)2,  after  describing  several  of  the  (juarries,  he 
remarks  that  he  had  seen  no  slate  as  yet  oi)ened  in  the  Island  good  enough 
for  exportation.  In  1863,  he  notes  that  120  men  were  at  work  in  Glen 
Rushen  on  rock  of  a  lamentably  poor  character  ;  that  South  Barrule  had 
some  rather  better  slate ;  and  that  at  Baldwin,  where  twenty  men  were 
emnloyed,  there  was  no  rock  at  all  like  slate.  In  1864,  at  South  Barrule, 
witii  forty-five  men,  a  fair  quantity  of  material  had  been  raised,  and  met 
with  a  r^dy  local  sale  but  was  not  good  enough  for  an  export  trade.  In 
1865,  the  most  effective  trial  was  being  made  at  Ballamoar  [near  St.  Johns] 
by  sinking  a  shaft :  and  in  the  following  year  it  is  noted  that  at  this  place  a 
tunnel  had  been  ariven  a  long  way  into  the  hill,  finding  throughout  the 
same  even-splitting  slate,  too  soft  to  be  applicable  :  in  the  same  year, 
workings  at  Peel,  Sarttell,  Sulby  Glen,  Glen  Auidyn  and  Maughola 
are  also  mentioned.  In  1867,  Smyth  remarks  that  speculation  had  greatly 
cooled  ;  that  at  Maughold  some  slate  had  been  got,  but  with  too  much 
waste ;  at  Glen  Auidyn  the  lower  gallery  might  do  for  local  consumption  ; 
and  at  South  Barrule  it  was  too  clear  that  the  middle  part  of  the  quarry 
was  too  bad  to  touch,  and  the  north  and  south  ends,  which  were  better, 
most  be  worked  into  the  mountain  indei)endently,  and  some  good  piles  of 
second-class  slate  had  been  got  from  the  north  end.  In  the  following  year 
we  read  : — "  I  regret  to  record  the  almost  total  collapse  of  this  brancn  of 
industry,  buoyed  up  as  it  has  been  chiefly  by  ignorant  hopes  on  one  side 
and  false  representations  on  the  other."  Two  or  three  nuarries  however 
were  still  carried  on,  including  that  of  Rhenass  (Neb  valley),  the  rock  of 
which  is  described  in  subsequent  reports  as  coarse  and  full  of  quartz,  fit 
only  for  rough  local  purposes  ;  and  that  in  the  Sulby  valley,  regarding 
which  it  is  noted  in  1871  tliat  better  stone  had  been  found  in  a  cut  8  yards 
below  the  chief  floor,  "but  there  is  much  sjmr  all  through  the  cjuarry  still, 
and  the  cleavage  is  so  imperfect  that  the  product  would  certainly  not  be 
saleable  in  England  or  Wales  " ;  95  men  were  employed  in  this  quarry  in 
1873,  but  it  seems  to  have  been  abandoned  two  years  later.  The  report  for 
1876  describes  a  spirited  trial  near  Peel,  where  twenty  men  had  oeen  at 
work  on  a  vein,  only  32  feet  wide,  narrowing  inshore  and  with  a  high  cliff 
above,  which  rendered  difficult  any  system  of  economic  extraction  ;  "  several 
cargoes  amounting  to  perhaps  100,000  slates  have  been  sent  away,"  but  the 
enterprise  was  to  be  abandoned.  In  1877,  two  or  three  men  were  at  work 
at  South  Barrule  only,  and  in  1880  no  work  was  being  done,  "  not  even  on 
South  Barrule." 

Building  Stone. 

Quarry-stone  is  the  common  building-material  in  the 
Island,  and  is  usually  obtained  from  whatever  source  is  nearest, 
,whether  Manx  Slate  Series,  Peel  Sandstone,  or  Carboniferous 
Limestone,  while  in  the  drift-plain  of  the  north  glacial  boulders 
are  largely  used.^ 

*  For  special  purjxDses,  and  for  the  more  elaborate  buildings,  stone  is 
occasionally  imi)orted  from  the  mainland  :  Wood*  notes  (oi).  cit.,  p.  22)  that 
the  old  Douglas  Pier  was  built  of  stone  from  Runcorn,  and  Mona  Castle  of 
sandstone  from  Arran. 
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Kanx  Slate  Seriea. 

From  the  large  area  which  they  occupy,  the  Manx  Slates 
furnish  by  far  the  greater  proportion  of  the  ordinary  buildii^ 
stone,  but  the  Quality  is  inferior.  It  was  adequately  described 
long  ago  by  Bisnop  Wilson  as  a  "  broken  ragstone  sometimes 
rising  m  coarse  imeven  flags,  or  in  irregular  lumps,"  which  "  an 
English  mason  would  not  know  how  to  handle,  or  would  call 
their  walls,  as  one  merrily  did,  *  a  causey  reared  up  upon  an 
edge.*  "^  The  material  cannot  be  dressed,  except  very  roughly, 
and  is  quarried  in  irr^ular  slabs  along  whatever  happens  to  be 
the  dominant  fracture-plane, — usually  the  bedding  where  the 
rock  is  somewhat  arenaceous,  and  the  shear-cleavage  planes 
where  it  is  argillaceous.  The  stone  is  best  where  the  two 
structures  are  approximately  parallel,  but  even  then  there  is 
usually  a  cross-cleavage  or  ciose-jointiug  oblique  to  the  dominant 
structure,  which  causes  irregular  acutely-angled  edges  to  the 
blocks.  All  varieties  of  the  slate-series  are  used,  even  including 
the  crush-conglomerate  (near  Ramsey,  p.  66),  but  the  best  stone 
is  obtained  from  the  Lonan  and  Niarbyl  Flags  and  irom  some  of 
the  laminated  passage-beds,  while  the  c^uartz-veined  grits  are 
least  in  favour  and  are  generally  set  aside  for  road-metaL  In 
the  north-western  comer  of  the  massif,  north  of  Glen  Wyllin 
and  west  of  Glen  Dhoo,  and  in  a  few  other  more  limited  tracts, 
the  rock  breaks  up  into  faggot-like  pieces  along  the  intersectii^ 
structural  planes  (p.  131)  and  is  of  little  use.  m  most  buildings 
of  rough  Slate,  brick  or  dressed  stone  is  employed  at  the  angles 
and  around  doorways,  windows,  etc.  On  St  Michaels  Island, 
Langness,  the  well-preserved  walls  of  a  fort  built  in  1650  contain 
many  blocks  of  a  schistose  greenstone  dyke  which  crops  out  in 
the  vicinity  (p.  181);  and  tnis  stone,  in  spite  of  the  exposed 
situation,  has  withstood  the  weather  remarkably  well — even 
better  than  the  accompanying  slate,  which  is  itself  very  enduring. 

A  variety  of  the  slate-rock  which  was  formerly  quarried,  as 
described  at  p.  174,  both  on  the  crest  and  at  the  foot  of  Spanish 
Head  was  especially  valued  for  its  quality  of  raising  in  very  tough 
and  strong  oeams,  somewhat  flexible,  and  up  to  15  or  16  feet 
in  length,  which  were  used  for  lintels,  gate-posts,  foot-bridges 
(p.  132),  etc.,  and  in  Castle  Rushenfor  flooring  (p.  174).  As  pre- 
viously mentioned,  Macculloch  states  that  a  beam  of  this 
material  15  feet  long  and  2  inches  thick  was  forced  5  inches  out 
of  the  straight  lino  before  it  broke.  The  top  quarry  seems  to  have 
been  in  working  as  late  as  1858  (see  "  Mineral  Statistics  "  for  1858, 
pt.  ii.,  p.  269).  The  slate  is  of  the  banded  argillaceous  type,  and 
Its  peculiar  quality  seeuis  to  have  arisen  from  the  compression 
of  the  rock  in  the  trough  of  a  fold,  with  the  resultant  inter- 
section of  flattish  bedding  by  steeply  inclined  shear-cleavage. 
Under  similar  circumstances,  in  a  quarry  on  the  steep  slope 
between  Ballaugh  and  Gob  y  Volley,  beams  of  the  same  feind  of 

^  Bishop  T.   Wilson's   "  Description  of  the  Isle  of  Man "    (Camden'  f 
Britannia  ed.,  1772),  p.  392. 
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stone  up  to  24  feet  in  length  have  been  raised,  as  described  on 
p.  132 ;  and  probably  those  conditions  might  be  likewise  found 
m  other  places  more  accessible  than  Spanish  Head.  Though  not 
at  present  worked,  the  material  seems  well  fitted  for  various 
economic  uses  il*  it  could  bo  got  at  a  reasonable  cost.^ 

The  building-stone  quarries  in  the  Slate  Series  are  usually 
small,  being  opened  as  occasion  requires,  near  the  place 
where  the  material  is  needed.  At  Douglas,  however,  there  are 
large  quarries  (in  the  Lonan  Flags ;  on  tlie  southern  side  of  the 
harbour  and  near  the  northern  extremity  of  the  Bay  (p.  153) ;  and 
openings  in  the  hill-side  south  of  Ramsey  have  also  atUiined  a 
considerable  size.  From  the  quarries  working  under  the 
Quarries  Act  and  giving  returns  to  the  Home  Office,  the  out- 
put for  1897  (Mineral  Statistics,  p.  140)  is  stated  to  have  been 
17,560  tons  of  the  value  of  £1,056 ;  in  1898  (ibid.,  p.  248), 
21,508  tons,  value  £1,282;  in  1899  (ibid.,  p.  256),  19,005  tons, 
value  £1,057  ;  and  m  1900,  13,524  tons,  value  £754. 

Peel  Sandstone. 

This  red  sandstone,  being  the  only  *  freestone  '  available  in  the 
Island,  has  been  extensively  quarried  at  Creg  Malin  and  Balla- 
quane,  north  of  Peel.  The  characters  of  the  formation  have 
been  ftiUy  described  in  Chapter  VI.,  p.  263.  Only  a  small  part 
furnishes  building  stone,  the  thin  and  irregular  bedding  and  the 
shaly  and  conglomeratic  intercalations  bemg  detrimental  in  the 
greater  portion.  The  stone  is  only  moderately  durable,  as  may  be 
seen  from  the  condition  of  part  of  the  rums  at  Peel  Castle  on  St. 
Patrick's  Island.  The  output  for  1897  ("  Mineral  Statistics,"  p. 
140)  is  riven  as  2,800  tons  of  the  value  of  £166  ;  for  1898,  1,240 
tons,  value  £76;  for  1899,  1,827  tons,  value  £112;  and  for  1900, 
1,218  tons,  value  £101. 

Carboniferous  Limestone. 

Besides  affording  the  chief  source  of  lime  for  the  whole  Island 
and  being  to  some  extent  used  for  road-mending,  the  dark  grey 
flaggy  Lower  or  Castletown  Limestone  of  the  southern  basin 
supplies  the  local  building  stone,  both  dressed  and  in  the  rough. 
For  the  last-mentioned  purpose,  when  carefully  selected  it  is 
struetinrally  well  adapted,  though  somewhat  din^  in  colour ;  the 
excellent  state  of  preservation  of  Castle  Rushen  at  Castletown 
bears  testimony  to  the  durable  quality  of  this  stone.  The  prin- 
cipal quarries  at  present  working  arc  thooC  at  Ballahot  and 
Bulown,  three-quarters  of  a  mile  W.  of  Ballasalla  (p.  206),  and 
that  near  Scarlet  on  the  W.  side  of  Castletown  Bay  (p.  203). 
The  output  given  in  "  Mmeral  Statistics "  for  1898  (p.  230)  is 

*  Berger  (op.  cit.,  p.  37)  and  Macculloch  (op.  cit,  p.  532)  also  mention 
among  tne  economic  products  of  the  Island  a  "  hone  slate  "  occurring  "  at  a 
place  called  Montpelfier."  The  latter  author  describes  the  stone  as  "of  a 
whitish  colour  ana  fioft  texture  better  adapted  f(T  the  polisliing  of  metallic 
plates  than  the  uses  of  the  cutler.  It  has  not  been  exported."  This  stone 
IS  no  longer  in  use,  and  I  have  failed  to  identify  the  locality  ref err e<  I  to. 

3194  K  N  2 


564  Nok-Metallio  Products* 

12,372  tons,  value  £2,813 ;  for  1899  {ihid.,  p.  238),  9,272  tons, 
value  £881 ;  and  for  1900, 9,815  tons,  value  £895. 

The  so-called  'black  marble*  of  Poolvash  was  obtained  from 
the  harder  courses  in  the  black  flaggy  and  shaly  "  Posidonomya 
Beds  "on  the  eastern  shore  of  Poyll  Vaaish,  as  described  on  p.  224, 
but  is  not  at  present  worked.  The  best  stone  seems  to  haTe 
been  found  immediately  underlying  the  volcanic  ash,  where  the 
rock  has  been  indurated,  probably  by  a  slight  over-thrust  of  the 
Volcanic  Series  (p.  224).  Among  other  uses,  it  was  wrought 
into  chimney-pieces,  tombstones  and  steps.  Being  too  soft  to 
take  a  natural  polish,  it  was  covered  with  a  kind  of  black  varnish, 
and  in  this  way  objects  wrought  out  of  it  were  "  made  to  look 
not  much  inferior  to  the  best  Derbyshire  black  marble."  *  The 
tombstones  made  from  it  show  rapid  weathering.  The 
"  steps  of  St.  Paul's  Cathedral  in  London,"  so  often  mentioned  in 
Manx  topographical  literature  as  having  been  supplied  from  this 
locality,  seem  to  be  no  longer  in  existence  (p.  220).  The  total 
extent  of  the  '  black  marble '  quarrying  has  not  been  great. 

Oranite, 

In  the  district  S.  and  S.W.  of  the  Foxdale  Granite,  where 
glacially  transported  boulders  of  this  rock  are  numerous,  they 
have  been  largely  used  in  building,  but  have  shown  themselves 
subject  to  very  unequal  weathering.  A  quarry  was  opened  some 
years  ago  on  the  northern  slope  of  the  granite  outcrop,  but  was 
not  worked  to  any  great  extent ;  the  operations  have  however 
been  recently  resumed.  The  rock  is  massive  and  not  too  hard, 
but  is  somewhat  liable  to  crumble  after  exposure.  The  granite 
was  formerly  raised  in  long  boams  and  shaped  into  rollers  for 
agricultural  purposes,  and  it  is  worth  mentioning  that  fragments 
of  these  broken  rollers  mav  readily  be  mistaken  for  boulders  in 
parts  of  the  island  when  there  are  no  true  boulders  of  this  rock 

The  Dhoon  Granite,  being  much  harder  and  closer  in  texture, 
has  been  qiiarried  for  road-mending  and  for  making  paving  setts ; 
the  latter  mdustry  was  revived  recently  on  an  extensive  scale  for 
a  short  time,  but  has  now  again  flagged.  The  following  note 
respecting  the  quality  of  the  granite  is  quoted  from  the  Journal 
of  the  Isle  of  Man  Nat.  Hist,  and  Antia.  Soc.  for  1898  (Yn  Lioar 
Manninagh,  vol.  iii.,  pt.  x.,  p.  488).  "  Tne  granite  of  the  Dhoon 
has  been  tested  for  road  setts  and  other  purposes.  The  results 
under  compression,  such  as  percussion  and  attrition  tests,  show 
that  it  is  a  most  excellent  stone  for  all  road  purposes,  and  most 
durable  as  a  building  stone.  If  basalt  average  6  or  7*2,  Dhoon 
is  7*3 :  Aberdeen  granite  ....  showing  .  .  much  .  .  below 
Dhoon." 

The  Oatland  Granitite  is  at  present  used  only  for  road 
material,  for  which  purpose  it  is  extensively  quarried. 


^  Cumniing,  "Isle  of  Man,"  p.  132. 
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Boulders. 

In  the  northern  drUt-plain  the  absence  of  solid  rock  has 
led  to  the  extensive  use  of  glacial  boulders  both  for  road- 
mending  and  building.  For  the  latter  purpose  the  chief  rock 
is  the  abundant  Crifiel  Granite,  the  larger  olocks  of  which  are 
blasted  into  pieces  and  trimmed  into  shape ;  a  good  example 
of  its  use  may  be  seen  in  Bride  Church.  Besides  those  found 
inland,  large  numbers  of  boulders  are  obtained  from  the  shore, 
where  they  accumulate  from  the  waste  of  the  cliffs.  Some 
have  done  duty  over  and  over  again  in  successive  building?,  and 
the  walls  of  old  cottages  in  this  tract  are  often  interesting  to  the 
glacialist  from  the  medley  which  thev  exhibit ;  but  there  is  a 
striking  rarity  of  limestone,  this  rock  having  been  set  aside  for 
bummg  into  lime. 

In  parts  of  the  Island  where  the  drift  contains  only  local 
blocks  these  are  sometimes  also  put  to  economic  use. 

Boad  Material. 

Though  subject  to  a  brisk  stream  of  carriage  and  waggonette 
traffic  in  the  summer-time,  the  Manx  high-roads  are  not  often 
called  on  to  bear  heavy  crushing  loads,  the  vehicles  used  in 
agriculture  being  chiefly  one-  or  two-horse  carts  and  not  heavy 
waggons.  Consequently  good  results  arc  obtained  from  stone 
of  a  quality  unsuitable  for  more  ponderous  traffic,  and  a  supply 
is  usually  got  without  much  aifficulty  from  a  local  source. 
Among  the  rocks  thus  laid  under  contribution  are  the  quartz- 
veined  grits  and  other  hard  beds  of  the  Manx  Slate  Series,  the 
Carboniferous  Limestone,  the  Dhoon  Granite  and  the  Oatland 
Granitite.  But  the  toughest  and  best  material  is  furnished  by 
some  of  the  dykes,  especially  those  of  the '  newer  greenstone  *  type 
(p.  297),  intrusive  into  the  Manx  Slates :  the  only  drawback  being 
tnat  these  are  usually  narrow  and  discontinuous,  and  sometimes 
spoilt  by  shearing.  These  dykes,  locally  known  as  *  pot-metal,' 
have  been  quarried  on  a  small  scale  here  and  there  all  over  the 
slate  area  (for  details  see  Chap.  IV.)  ;  and  at  Poortown,  IJ  miles 
east  of  Peel,  a  coarsely  porphyritic  boss  of  diabase  is  extensively 
worked  (see  p.  156).  As  a  general  rule  the  dykes  lettered  D  and 
B^  on  the  map  are,  where  thick  enough,  suitable  for  road-metal 
unless  deeply  decomposed ;  while  those  lettered  B°  are  usually 
too  much  altered  by  shearing  to  afford  durable  material. 

At  Crosby  a  broad  dyke  of  mierogranite  of  the  Foxdale  type 
furnishes  much  road-material  of  fair  quality  (p.  168).  Accessible 
exposures  of  this  kind  of  dyke-rock  also  occur  in  the  West 
Baldwin  valley  (p.  158) ;  at  the  side  of  the  road  between  Foxdale 
and  Castletown  (p.  167);  and  at  other  places  shown  on  the  map; 
but  have  not  yet  been  tested.  These  el  vans,  like  the  older 
*  greenstones,*  are,  however,  sometimes  spoilt  by  the  platy 
structure  developed  by  earth-movement. 

The  dykes  associated  with  the  Dhoon  Granite  (pp.  144-6"^  have 
not  been  quarried  in  the  interior,  as  their  chief  outcrops  are  rather 
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inaccessible,  but  would  probably  supply  material  as  good  or 
better  than  the  Foxdale  el  vans.  The  use  of  the  granite  itself 
for  paving  setts  has  already  been  mentioned. 

Another  dyke-rock  which  though  not  hitherto  tested  would 
probably  yield  tough  and  durable  stone,  is  the  niica-diorite  of 
Fort  Groudle  (p.  152) ;  this  could  be  conveniently  excavated  at 
its  outcrop  on  the  north  side  of  Banks  Howe ;  it  occurs  in  a 
district  wnere  there  is  a  comparative  dearth  of  suitable  stone. 

The  olivine-dolerites  even  wnere  not  too  small  are  usually  too 
much  decomposed  to  be  serviceable. 

Boulders  and  gravel  from  the  beach  are  made  use  of  in 
many  places  near  the  coast,  especially  in  the  north  of  the 
Island  where  drift-material  of  this  kind  aflFords  the  only  local 
supply. 

Lime. 

At  present  Ume  is  prepared  only  in  the  Carboniferous  Lime- 
stone tract  of  the  south  of  the  Island;  but  it  was  formerly 
burnt  locally  from  a  comstone  band  in  the  Peel  Sandstone 
near  The  Stack  (p.  275) ;  and  at  many  places,  especially  in  the 
north,  from  glaciaUy-transported  limestone  boulders  collected 
on  the  shore,  the  rums  of  old  kilns  which  one  finds  in  unlikely 
places  having  generally  been  thus  supplied,  Beiger,  who 
quotes  statistics  showing  that  84,992  barrels  of  lime  nad  been 
sold  from  kilns  in  the  south-eastern  part  of  the  island  between 
the  years  1807  and  1811,  mentions  that  the  northern  famiera 

f)referred  the  lime  from  the  boulders  to  that  from  the  southern 
imestone  for  manuring  the  land.  The  Manx  Slates  are  essen- 
tially  non-calcareous,  the  only  portion  possessing  more  than  a 
mere  trace  of  lime  being  certain  fine-grained  bands  in  the 
Niarbyl  Flags,  which  contain  up  to  4*4  per  cent.  (p.  36),  and  a 
few  sparingly  calcareous  nodules  in  the  Lonan  Flags  (p.  34), 
The  ruins  of  the  ancient  chapel  on  St.  Michaers  Island,  Langness, 
show  a  very  enduring  mortar  prepared  from  burnt  sea-shel6, 

Briokearth. 

At  the  time  of  the  Survey,  brick-making  was  being  carried  on 
only  at  three  places  in  the  Island — one  in  the  N.,  on  a  very 
limited  scale,  at  Regaby  Beg  (section  described  on  p.  437) ;  one  in 
the  W.,  in  the  valley  of  the  Neb  at  Peel  (described  on  p.  457) ;  and 
one  in  the  E.,  at  Highton,  one  mile  W.  of  Douglas  (p.  455).  The 
material  in  the  first  is  weathered  red  boulder-cky ;  in  the  second, 
decomposed  slate ;  and  in  the  third,  mixed  slaty  drift. 

Disused  brick-yards  were  noticed  at  West  Craig,  near  St. 
'  Judes  (p.  437) ;  at  Ballacoarey,  1^  miles  E.S.E  of  Andreas ;  near 
Ballakelly,  1  mile  W.N.W.  of  Andreas ;  at  the  northern  end  of  the 
Mooragh  at  Ramsey ;  and  at  Port  Lewaigue,  1  mile  S.  of  Ramsey 
(d.  443),  all  in  red  boulder-clay :  at  Ballawyllin,  a  mile  W.  of  St 
Johns,  in  similar  material  (p.  458) ;  and  in  the  valley  of  the  Neb. 
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nearly  a  mile  north  of  St.  Johns,  in  slaty  till  (p.  453),  Except 
near  the  surface,  where  it  has  been  thoroughly  leached  the  red 
boulder-clay  appears  to  contain  too  much  lime  to  make  good 
bricks.  The  decomposed  slate  used  at  Peel  fumish<3S  a  dense 
hard  brick  of  a  dullish  colour.  The  operations  in  the  Neb 
valley  N.  of  St.  Johns  proved  a  costly  failure,  but  whether  from 
the  nature  of  the  material  or  from  want  of  care  in  biiming  is  not 
apparent. 

In  "  Mineral  Statistics  "  the  Manx  output  of  clay  for  brick  for 
1895  is  given  as  6,793  tons,  value  £339 ;  for  1896  6,000  tons. 
£275 ;  for  1897,  8,914  tons,  £360 ;  for  1898,  10,100  tons.  £460 ; 
for  1899,  7,000  tons,  £175  ;  and  for  1900,  8,000  tons,  £500. 

Sand  and  OraveL 

These  materials  are  obtained  from  the  glacial  deposits  of  the 
extra-insular  tvpe  (p.  335)  on  the  flanks  of  the  Island,  where 
they  are  abundant,  but  are  not  found  of  serviceable  quality  where 
the  drifts  are  entirely  of  the  local  type. 
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CHAPTER  XIV. 
AGRICULTURAL  GEOLOGY  AND  WATER  SUPPLY. 

Soils,  etc. 

The  glacial  deposits  are  the  chief  factors  in  determining  the 
character  of  the  soil  in  the  cultivated  portions  of  the  Island,  as 
the  principal  tracts  of  solid  rock  occur  on  the  mountains  above 
the  limits  of  cultivation.  The  northern  plain,  which  constitutes 
the  largest  area  of  fertile  land,  exhibits  the  variability  commonly 
found  wherever  drift  has  accumulated  thickly,  ranging  from  stifl 
clay  to  light  sand  and  CTavel,  with  peaty  patches  m  the  hollowsu 
In  this  case,  however,  tne  boulder-cW  rarely  forms  the  stiflFest 
soil,  having  a  suflScient  admixture  or  sand  to  work  into  loam  at 
the  surface ;  and  the  beds  of  laminated  clay  belonging  to  the 
stratified  part  of  the  drift  make  the  hciivier  land.  The  difficulty 
of  indicatmg  the  kind  of  soil  under  these  conditions  by  the  con- 
ventional methods  of  drift-mapping  has  been  discussed  in 
Chapter  XI.  (p.  430),  where  information  will  be  found  as  to  the 
localities  where  the  map  might  seem  misleading.  The  practice  of 
'  marling '  the  lighter  tracts  was  at  one  time  universal  in  this 
area,  but  is  now  practically  abandoned  except  on  the  blown- 
sands  along  the  southern  edge  of  The  Ayre.  As  already 
described,  the  *  marl '  usually  consisted  of  boulder-clay  or  stratified 
glacial  clay  (p.  418),  but  occasionally  of  late-glacial  or  post- 
glacial fresh-water  deposits  (pp.  378-81);  both  contain  some  lime 
(pp.  464-5),  but,  as  Cumming  remarked,  the  benefit  to  the  land  was 
probably  more  on  account  of  improved  texture  and  general 
renovation  than  from  this  ingredient  alone.*  Berger  mentions 
that  "  150  tons  of  marl  are  computed  to  be  necessary  for  an  acre 
of  land,"  but  this  was  probably  an  extreme  quantity ;  he  adds 
that  the  cost  of  the  operation  was  £6  per  acre  if  the  cartage  did 
not  exceed  a  mile,  and  that  "  the  cost  of  liming,  a  practice  chiefly 
used  in  the  southern  part  of  the  isle,  is  nearly  the  same,"  90 
bushels  of  lime  to  the  acre  being  allowed.^  Seaweed  is  still 
extensively  used  for  manure  in  parts  adjacent  to  the  coast,  and 
in  this  way,  as  well  as  by  *  marling,'  many  pebbles  etc.  have 
been  artificially  introduced  into  the  soil, — a  fact  to  be  borne  in 
mind  by  the  glacial  geologist. 

Next  in  importance  to   the  northern  plain  as  an  agricultural 
traot  is  the  southern  lowland,  overlying  the  Carboniferous  rocks 

1  "  Isle  of  Man/'  p.  306.  '  — -^-  ' 

*  Trans.  Geol.  Soc,  vol.  ii.,  p.  55. 
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and  extending  beyond  them  up  the  gentle  slopes  of  slate  to  600 
feet  or  more  above  sea-level.  The  lower  ground  in  this  tract 
closely  resembles  that  of  the  northern  plain,  excepting  that  sand- 
and-gravel  soils  are  less  prevalent  and  tend  to  be  more  loamy, 
and  the  boulder-clay  soils  are  darker,  tougher  and  more 
calcareous.  On  the  upland  slopes  the  drift  is  mainly  derived 
from  the  local  slates  and,  though  mapped  as  *  boulder-clay,'  gives 
rise  to  soil  which  is  not,  as  a  rule,  stiflF,  but  usually  a  deep 
stony  loam  full  of  subangular  fragments  of  slate,  with  patches 
of  tmnner  rubbly  soil  where  bosses  of  the  solid  rock  approach 
the  surfiEice.  This  kind  of  land  is  predominant  all  over  the 
hilly  tracts  wherever  agriculture  is  attempted.  Where  the  soil 
consists  entirely  of  loose  slaty  debris,  derived  either  from  the 
subjacent  decomposed  rock-surface  or  from  slaty  drift  of  the 
gfravelly  type,  it  is  termed  by  the  Manx  farmers  "  shilly  "  land  ; 
this  produces  better  crops  than  its  extremely  stony  appearance 
would  lead  one  to  expect,  especially  of  oats,  turnips,  and 
potatoes ;  but  it  loses  moisture  rapidly,  and  suffers  in  a  dry 
season.  The  patches  of  cold  wet  clay-land,  difficult  to  drain  and 
difficult  to  cultivate,  occurring  on  nats  and  depressions  both  on 
the  uplands  and  at  the  foot  of  the  hills, — the  result  of  the  rain- 
wash  and  weathering  of  the  drift — have  been  described  in  a 
Srevious  chapter  (p.  453) ;  such  *  Colby  wash  '  soil  has  usually  a 
ark  grey  colour  instead  of  the  rusty  brown  of  the  mellower 
slaty  land,  and  is  generally  full  of  bits  of  vein-auartz  which  have 
remained  unaltered  while  the  slate  fragments  nave  decomposed 
into  mud. 

On  the  eastern  flank  of  the  Island  there  is  more  or  less  culti- 
vation on  the  hill-slopes  from  end  to  end,  but  on  the  western  side 
the  cultivated  strip  extends  only  as  far  south  as  Dalby.  In  the 
interior,  south  of  the  central  vafley  the  greater  part  of  the  drift- 
covered  area  is  or  has  been  tilled,  but  among  the  hills  north  of 
that  valley  a  much  smaller  proportion  is  cultivated,  and  the  area 
devoted  to  upland  sheep-walks  is  constantly  increasing  at  the 
expense  of  tiltEige.  MaccuUoch  as  long  ago  as  1819  pointed  out 
that  the  cultivation  of  elevated  ground  had  in  some  places 
extended  "  fiirther  than  prudence  would  have  dictated  or  profit 
will  ultimately  justify  'V  and  his  dictum  has  been  fully  borne  out, 
the  uplands  bemg  everywhere  dotted  with  the  ruins  of  deserted 
cottages  and  small  farmsteads;  the  little  fields  surrounding  them, 
once  under  the  plough,  now  producing  only  rough  pasturage. 
This  diminution  m  the  proportion  of  arable  land,  as  marked  in 
the  Island  as  in  Great  nritain  and  Ireland,  is  illustrated  in  the 
following  statistics.^  These  figures  also  show  to  what  an  insigni- 
ficant  percentage  the  growth  of  wheat  has  shrunk,  the  grain 

»  "  Western  Isles,"  vol.  ii.,  p.  519. 

*  From  the  annual  Parliamentary  Blue  books :  "  Agricultural  Returns." 
In  the  Return  for  1899,  the  quantity  of  "  Mountain  and  Heath  land  used 
for  grazing "  (not  included  in  the  Table)  is  given  as  23,110  acres,  and 
<*  Woods  and  Plantations  "  as  826  at^res. 
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crops  now  consisting  almost  entirely  of  oats  and  barley, 
turnips  and  potatoes  as  the  principal  root  crops.* 


Year. 


18G6 
1876 
1886 
1893 
1899 


T<»t»l  area 

of  Land 
and  >Vat«r. 


Acres. 
145,t25 


145  Oil 


Wueat. 


Acrvi. 
8.07^ 

0.181 

i.its 

'  809 
1.018 


barley. 


Acres. 
7,7Stf 

7.210 

9,250 

7.452 

7.258 


OaU. 


Acres. 
11,010 

12.324 

13.485 

18.789 

18.208 


Oreeu 
Cro|S. 


Acres. 
12.206 

12.046 

11.859 

11,263 

lOAm 


;    C!orer  and 
Qrasses  ondc 
'     rotation. 

I 


Acres. 
25,309 

34  873 

42,020 

38.009 

88,070 


1 


Water  Supply. 

The  water  supply  of  the  Island  is  practically  all  obtaine 
the  surface-streams  or  from  shallow  wells,  there  being  nc 
able  deep  source.  The  slate-rocks  are  waterless,  excep 
slight  percolation  along  the  lodes  (see  description  of  mii 
532-3,  etc.)  and  along  loints  near  the  surface  in  the  quartz- 
grits;  consequently  tnere  are  scarcely  any  true  rock-s 
mough  water  oozes  out  abundantly  frora  the  base  of  the 
local  drift  and  shaken  rock  on  the  hill-slopes  and 
valleys.  The  Carboniferous  Limestone  of  the  south  is  too 
bedded  and  intercalated  with  shale  to  aflFord  a  good  supp 
few  wells  have  been  sunk  in  it  (pp.  207, 471) ;  some  deep  q 
in  this  rock  W.  of  Ballasalla  are  unwatered  by  wiu 
steam  power,  the  discharge  being  of  good  quality,  and  est 
to  average  about  twenty-six  milhon  gallons  per  annum^ 

All  the  towns  possess  organised  water-systems  supplie 
reservoirs  near  the  heads  of  the  streams,  Douglas  thus  utilif 
Glass  and  the  Groudle  Rivers ;  Castletown,  the  Silverbum ;  \ 
Marj'  and  Port  Erin,  the  Colby  River  and  a  stream  E.  ol 
wick ;  Peel,  a  stream  from  the  Slieau  WhuaUian  ridge  an 

*  Berger  quotes  (op.  cit.,  p.  32)  the  followiDg  figures  from  J.  C.  ( 
"Report  of  the  Agncultural  Society  in  the  Isle  of  Man"  (Woi 
1810)  :— 

"  Acres. 

100,400  of  mountain. 
69,045  for  grazing. 
30,158  in  oats. 
15,079  under  barley. 
14,761  under  green  crops,  710  of  which  may  be 

considered  as  potatoes. 
9,047  in  wheat. 
7,370  in  roads,  rivers,  houses. 

Total  245,760  acres." 

But  as  this  total  greatly  exceeds  the  actual  acreage  of  the  Island, 
is  not  of  much  use  for  comparison. 

'  We  are  indebted  to  T.  Moore,  Esq.,  for  this  iDformatioD. 
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1  Rushen;  and  Ramsey,  the  head  of  Ballure  Glen.  The 
itry  districts  depend  either  upon  the  streams  or  upon  small 
low  wells,  often  very  inadequately  protected  from  contamina- 

;  the  latter,  on  the  low  ground,  are  generally  in  water-logged 
3  of  drift  not  fiir  below  tne  surface ;  and  in  the  hilly  distncts 
usually  little  basins  excavated  in  the  slate  in  a  position  to 
sh  the  percolation  between  the  solid  rock  and  the  overlying 
ble  or  drift.  The  conditions  of  supply  on  The  Ayre  and  other 
sS  of  the  northern  plain  have  previously  been    discussed 

285  &  417),  and  particulars  of  a  few  wells  in  other  districts 
given  in  Chap,  XI. 
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APPENDIX   I. 

List  of  Minerals    known    to   occur    in  the   [sle  of  Man. 


(The  Lode-Minerals  are  mainly  on  the  authority  of  Sir  W.  W. 
Smyth's  List,  in  Trans.  Isle  of  Man  Nat.  Hist,  and  Antiq. 
Soc,  vol.  L,  pp.  143-147.) 


Name. 


Localities  and  Remarka. 


Lode-minerals. 


Rock-forming  minerals. 


Actinolite 

Albite 
Analcime 

Anglesite 
Anthracite 
Antimonite 
Apatite 

Atacamite 

Augite 

Barytes 

Biotite 

Calamine 
Calcite 


Cerussite 

Chalcanthite 
Chalcedony 


Chalco- 
pyrites 

Chalybite 

(Siderito) 
Chlorite 

Chloritoid 
(Ottrelite) 

Cuprite 
Dialog!  te 
Dolomite 


Qlenchass  Mine  (s)* 
Laxey  Mine  (see  p.  520)- 
Niarbyl  Mine,  (p.  546)  - 
In  a  vein  near  Foxdale  Granite 

(Kendall) 
North  Braada,old  workings  (b) 

Foxdale  ;  rare  at  Laxey  (s) ; 
North  Laxey 


Laxey  (rare)  (s^ 
Common  in  lodes  - 


Glenchass,       Kushen,       and 

Bradda  Mines  (s). 
Old  working,  Laxey,Bradda  (s) 
Comelly  Mine:  as  Agaie  in 

Bulwark       Lode,       North 

Bradda  (s) 
Laxey  :  Foxdale  (rare) ;  Maug- 

hold    Head  ;  Langness  (s), 

and  other  places 
Foxdale,  Cornelly,  and  other 

mines 
Bmdda  and  Rushen  Mines  (s), 

and  common  in  quartz  veins 


Bradda  Mine  (s) 
Snaefell  Mine  (s)    • 
Common  in  lodes   - 


As  iilteration-prodact  in  dyke- 
rocks  (p.  308). 
In  some  igneous  rock& 
As  decomposition-product  in 
basalts. 


In    small    crystals    in    many 
igneous  rocks. 

Common  in  intrusive  rocki 


Common  in  igneous  rocks,  and 
detrital  in  slates. 

Chief  constituent  of  limestones, 
and  alteration- product  in 
basic  igneous  rocks,  etc 


As  pebbles,  in  Peel  Sandstone 
and  in  Glacial  deposits. 


As  decomposition- product  in 

some  igneous  rocks. 
Common  as  alteration-product 

In  altered  el  van  on  Greebt 
Mountain  (p.  318)  and  prob^ 
ably  in  other  altered  rocKs. 


In  Carboniferous  Limestone 
and  sparingly  in  decomposed 
basic  rocks. 


1  Localities  marked  (s)  are  from  Sir  W.  W.  Smyth's  list. 
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Localities  and  Kemarks. 


ame. 


Lode-minerals. 


Rock-forming  minerals. 


ote 

erz 

Tetra- 
drite) 

ir  (see 


poclase, 


•r-spar 
na 

let 

I? 
)liite 

3um 


latite 
iblende 

inite 

-pyrites 

fer- 

3kel 

*adorite 

joxene 


Dnite 
netite 
ichite 
kcolite 

ganese- 

ar    (see 

alogite) 

^asite 

bconite 

mterite 

t      (see 

scovite, 

tite^etc.) 

'ocline 

erite 

fbdenite 

covite 

:el-ore8 

je  Kup- 

mickei 

d  Mill- 

ite) 

re 


Old  Foxdale  (s)      - 
In  m&ay  lodes  :  more  or  less 
argentiferous 


see  p.   549     -        -        -        - 

Snaefell  Lode  (impure)  (s). 
Beary  (p.  550). 

Many  veins  in  Triassic  and 
Carboniferous  rocks  in  deep 
borings  on  The  Ay  re, 

Maughoid  Mines     -        -        - 

Comelly  lode  (s)     - 


Common  in  lodes 
Qlenchass  (s)  - 


Maughoid  Mines  (s) 
Bradda  lyxle  (s)     - 


Laxey,  Bradda  (s),  etc.  - 
Laxey  and  Bradda  Mines  (s) 
Old  workings,  Laxey,  etc.  (s) 


Trial-shaft  at  Rhenas  (s) 

On  joints  in  Dhoon  Granite  - 

In  many  quartz  veins  (p.  320) 


Rushen  and  Bradda  (s)  - 


Common  as  alteration-product 
especially  in  basic  dykes. 


As   alteration    product ;   and 
detrital  in  grits. 

Graphitic  slate  in  several  local- 
ities :  see  p.  134. 


Common    in    intrusive   rockb 

(see  p.  301). 
Common  in  many  rocks. 
Common  in  many  rocks. 


In  basic  igneous  rocks. 

As  decomposition-product   in 

igneous    and    metamorphic 

rocks. 

Common  in  igneous  rocks. 

Variety  of  augite  common  in 
basic  dykes  (p.  301). 


In  Dhoon  Granite  elvanj  and 
in  granite  at  Comelly  Mine. 

Common  rock-constituent 
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Name. 


LooalitieB  and  Remarka. 


r^e-minerab. 


Oligoclaae 
Olivine 
.Opal 

Crthoclase 
Picotite 
Plumba^ 
(see  Gra- 
phite) 
Plumosite 
Pyrites  (see 
Iron  -  pyr- 
ites and 
Chalcopyr- 
ites 
Pyrolusite 

Pyromor- 

phite 
Pyrrhotite 
(Fyrrhotine) 
Qoartz 

Riebeckite 

Rutile 

Sericite 

Serpentine 

Silver-ore 
(see  Fah- 
lerz      and 
Plumosite) 

Spliene 

Staurolite 


Var.  semi-opal ;  Comelly  Mine 
(s) 


Foxdale  Mine  (p.  503) 


Upper  part  of  several  lead- 
veins  (s) 
Rushen  and  Laxey  Mines  (s)  - 

Snaefell;  Laxoy  (rare)  (s) 

Chief  constituent  of  veins  in 
slates 


Foxdale  and  Laxey  Mines  (s) 


Steatite 
Stibnite  (see 
Antimonite) 

Tetrahedrite  Foxdale  Mines  (s) 
Tourmaline    In  quartz-veins  near  granite 

(see  p.  143). 

Tremolite 


Uralite 

Zinc-blende 
(Sphalerite) 
Zircon 

Zoisite 


In  many  lodes 


Roek-forming  mim 


Common  in  some  igne 
In  basaltic  dykes. 


Common  in  igneous  i 
In      CarbonSerous 
(ZTo^son). 


Common  rock-constit 

In  Ailsa-Oraig  bouldi 

drift 
Common  in  altered  si 

in  some  igneous  roc 
Common  as  alteratioi 

in  sheared  rocks. 
As     decomposition 

after  Olivme. 


As  alteration  -  produ 
neous  and  metamorp 
As  alteration-produci 
^n  of  Dhoon  gran 
G,  Barrow.) 


$ 


Common  as  alteratioi 
in  igneous  and  met 
rockisj  etc. 

Alteration-product    i 

dykes. 
Variety  of  hornblende 

in  basic  dykei*  (see  : 

Small  grains  in  grits 

igneous  rocks. 
As  alteration-produci 

neousrocka. 
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APPENDIX  XL 


Some  Published  Analyses  of  Manx  Rocks. 


Analyses  from  Dickson  and  Holland's  paper  :— on  "  An  Examination  of 
Home  Volcanic  Rocks  of  the  Isle  of  Man,"  in  Proc.  Liverpool  Qeol.  Soc., 
Tol.  vi.  (1889),  pp.  126-129. 

Specimen  showing  junction  of  microgranite  dyke  at  Crosby  with  the 
slates. 

"  Analysis  of  Elvanite  portion  of  specimen." 
"  Sp.  Grav.  2-72.» 

SiO. 74-39 

AljO, 16-66 

FejOs 1-35 

MnO 0*22 

CaO 0-48 

MgO 0-33 

K,0 214 

NajO 3-79 

Combined  water ri8 

99-43 


« 


Analysis  of  the  slaty  portion  of  the  rock  at  the  \mnt  of  junction. 

SiO, 4903 

AljO, 24-83 

Fe^3 3-68 

FeO 6-57 

MnO 0*26 

Tia r09 

CaO 1-80 

MgO 2-68 

K,0 6-09 

NajO 2*96 

Combined  water 2*67 

99-66 

**  Not  enough  of  the  8|)ecimen  remained  to  enable  a  satisfactory  estima- 
tion of  the  carbonaceous  matter  to  be  made.  Pj^Oj  was  detected  in  this 
specimen,  but  was  not  estimated,  its  also  S. 

"Thinking  it  would  l>e  interesting  to  have  a  specimen  of  the  unaltered 
slate  rock  examined  chemically  so  as  to  compare  it  with  the  rock  near  the 
point  of  junction,  a  specimen  was  kindly  sent  by  Dr.  Tellet  of  Ramsey 
tiom  Sulby,  a  plac»  about  6  miles  from  Crosby." 

'  Mr.  Hobflon  state?  that  the  sp.  grav.  of  this  rock  is  2'G2  (Quart.  Joum. 
OeoL  SoCy  ToL  xlviL,  p.  439). 


Manx  Book  Analyssb. 

of  unaltered  Silurian  from  near  Sulby. 
Qrav,  2-79. 

SiO. 57-25 

AlA -  21-51 

FejOj 1-30 

FeO 5-71 

MnO      -..:.-  0-48 

TiO, 0-U 

CaO 0-61 

MgO 1-92 

PjOj               013 

S                    0-22 

K,0 375 

NajO 1-82 

Combined  water 4*32 


99-46 

Lceous  matter  approximately  0*5  per  cent. 

i  remarkable  that  there  should  be  8  per  cent  more  silica  in  the 
lan  in  the  altered  rock.**  ^ 

tn  [*  altered  basalt ']  from  sunmiit  of  Scarlet  Stack. 
Grav.  2-62  • 

SiO, 46-70 

A1,0, 13-74 

FejO, 5-43 

FeO 9-88 

MnO a  trace 

TiO, 1-94 

CaO 3-95 

MgO 6-24 

KjO 1-36 

NajO 3-48 

CO, 1-68 

Combined  water-  -----  5*88 


100-26 


m  of  gabbro  from  the  most  westerly  quarry  at  Rockmount 
Grav.  2-26  ^ 

SiO, 4713 

AI2O3 8-48 

Fe,Oa 615 

FeO 6-54 

MnO 064 

TiO, 0-58 

CaO 11-34 

MgO 13-61 

K,0 0-22 

Na,0 128 

CO, 0-47 

PjOft 0-32 

Combined  water 3-90 


99-66 


jpecimens  were  from  widely  separated  localities,  the  dispar 
on  may  only  indicate  that  the  Snlby  rock  was  originally  m 
the  other.    [G.  W.  L.1 

[lobsoii    ro'determinea  the  sp.  grav.  and  found  it  to  be  2' 
rn.  (ieol.  Soc.,  vol.  xlvii.,  p.  441.) 
.  corrected  by  Mr.  B.  Hobson  to  2*76. 
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irboniferous  shale  from  a  deep  boring  [Knock-e-Doon^-]  in  the  Isle 
n,"  by  W.  Maynard  Hutchings  (in  **  Clays,  Shales  and  Slates  ** ;  Geol. 
July,  1896,  dec.  iv.,  vol.  iii.,  p.  309).* 

Silica 68*76 

Alumina 19-16 

Ferric  Oxide 3*90 

Lime     -        -        -                -        .        .  116 

Magnesia 1*95 

Potash 3*48 

Soda     - 1*64 

Carbon  dioxide 1*36 

Water  and  organic  matter    -        .        •  8*g7 

10016 


>  specimen  analysed  by  Mr.  Hutchings  vas  from  a  depth  of  806  feet 
kbove  boring  ;  see  page  582. 

*  OO 
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APPENDIX   III. 
Details  of  Deep  Borings. 


No.  1  BoBiNO :  Point  of  Atbb.    (See  p.  289.) 

Details  published  by  Prof.  W.  Boyd  Dawkins  in  Trans.  Ma 
Soc.,  vol.  xxiL,  p.  GOO,  and  by  J.  Todd  in  Yn  Lioar  Manninagl 
p.  71.) 


Formation. 


[Raised 
Beach] 


[Glacial]     / 


/ 


■i 


tTriassic : 
>aliferous 
Marls] 


\ 


Engineer's  record. 


Shingle 

Sand  and  shingle 

Running  sand 

Clay 

Sand  and  gravel        .       .       .       . 

Clay 

Hard  sand 

Qay 

Hard  sandy  clay        .... 

Clay 

Sand 

Qay 

Sand 

Soft  sandy  clav 

Hard  brown  clay       -        .        -       . 

Gravel 

Sandy  boulder  clay    .        -        .        - 

Sand 

Sand  with  stones       .... 

Hard  sand 

Silt 

Sand 

Hard  sand 

Sand 

Gravel 

Mottled  brown  and  grey  marl    • 

do.  do.        with  gypsum 

Light  blue  marlstone  -        .        .        . 
Brown  and  blue  marl 
Light  blue  marlstone  with  salt  - 
Brown  and  grey  marls  with  salt- 
Brown  marl  with  veins  of  gypsum     - 
Light  blue  marlstone         ... 
Brown  marl  with  veins  of  gypsum    - 
Brown  marl  and  blue  marlstone 

Marl  with  salt 

Blue  marlstone 

Brown  marl 


Thickness 


Ft  in. 
23    0 


70 
6 
3 
2 
6 
9 
8 

20 
3 
4 
4 
8 
2 

10 
2 
4 
3 


2 
10 
69 

1 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


6    0 

6    0 

17    0 


0 
0 
0 
0 


54  0 

101  0 

3  2 

44  9 

11  0 

19  9 

1  6 

3  9 

1  0 

26  11 

0  10 

1  6 
3  2 


ii 


^  Descriptions,  throughout,  in  square  brackets  are  not  coi 
the  original  records. 
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FormatioiL 


/ 


FTriassic :  . 
Saliferous  \ 
Marls] 


Engineer's  record. 


Brown   marl,  with   blue   marlstone 
containing  veins  of  gypsum  and  salt 

Brine  run 

Blue  marlstone 

Grey  marlstone  with  marl  - 

Salt 

Mixed  salt 

Salt   -       -       -  ... 

Grey  marlstone  with  salt  ... 

Salt 

Brown  marl 


Thickness. 

Ft 

in. 

45 

1 

2 

6 

8 

1 

9 

2 

20 

0 

0 

8 

3 

4 

4 

0 

9 

6 

7 

4 

Depth. 

Ft.  in. 
616    5 


660    0 


No.  2  Boring  :  On  the  Ayrs  at  Blub  Point,  opposite 

Ballawhane.    (See  p.  282.) 

(Details  published  by  Prof.  W.  Boyd  Dawkins  in  Trans.  Manch.  Geol. 
Soc.,  vol  xxii.,  p.  598,  and  vol.  xxiii.,  p.  149  :  the  subjoined  account  is 
from  information  supplied  to  the  Survey  by  Messrs.  Craine  Bros.) 


Formation. 


p[taised 

Beach] 


[Glacial] 


/ 


[Triassic  : 
St.  Bees 
Sandstone] 


Engineer's  record. 


Sand  and  shingle       .... 

Muddy  sand      -        -        - 

Sand  containing  small  pieces  of  coal  - 

Sand-        -       -       -        - 

Clay  containing  small  pieces  of  coal  - 

SUt 

Red  sandstone 

do.           with  beds  of  marl 
do.  

Grey  fakes  [see  footnote,  p.  5871 
Red  sandstone  with  a  grey  bana 

Variegated  do. 

Red  sandstone  with  grey  bands 

do.  with  beds  of  marl 

Reddish  brown  marl .       .        -        . 
Reddish  grey  sandstone     - 
Variegated         do.  ... 

Red  do.  -       -        . 

Brown  marl  with  bands  of  sandstone 
Red  sandstone  striated  with  shale     - 
Red  sandstone  with  grey  bands  and 

shaly  partings        ".       "        "        ' 
Brown  shale  striated  with  red  sandstone 
Alternations  of  red  sandstone  with 

thin  grey  bands  and  shale 
Reddish  ^ey  sandstone  with  traces 

of  coal  in  the  bedding    - 
Red  and  brown  sandstone  with  thin 

grey  bands  and  shale  ... 
Brown  ffiJces  [see  footnote,  p.  587]  - 
Reddish  grey  sandstone     - 


Thickness. 


Ft.  in. 
16    0 


29 
41 
20 
15 
50 


0 
0 
0 
0 
0 


Depth. 


Ft.  in. 


11  6 

2  3 

20  0 

0  8 

14  6 

2  0 


171     0 


16 
1 
0 
1 
0 


0 
9 
9 
2 

7 


11  9 

3  3 
6  9 

62  9 

4  6 

54  5 

1  0 

110  11 

30  0 

3  3 


3194 


530    9 


Q02 
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FonnatioD. 


[Lower        J 
Marls]  1 


FLower 
Carbonif- 
erous] 


Engineer's  record. 


\ 


Brown  fakes 

Red  sandy  shale         -        .        -        . 
do.      slightly  speckled  with  coal 
[Fault  ] 
Brown   fakey  limestone   resembling 

stone-marl      -        -        -        -        - 
Light   grey   limestone   tinged   with 

yellow 

Blue  calcareous  fakes 

Reddish  limestone     -        -        - 

Purple  sandstone  striated  with  soft 

brown  limestone     -        -        -        - 
Dark  purple  sandy  shale  striated  with 

soft  Drown  limestone      -        -        - 
Hard  brown  limestone  with  spar 
Dark  purple  sandy  shale  -        -        - 
Conglomerate  with  pebble  bed  [see 

p.  284] 

Purple  sandy  shale    -        -        -        - 

Grey  stone* 

Dark  sandy  shale       -        -        -        - 
Dark  grey  calcareous  stone 

Dark  shale 

Light  stone ;  metal   -        -        -        - 
do.  do.  with  ironstone  beds 

Grey  stone  mixed  with  metal    - 
Dark  red  dappled  calcareous  stone    - 
Grey  calcareous  stone 

Dark  red  stone 

Limestone 

Grey  do. 

Limestone 


Thickness. 


Ft.  in. 

11    3 

24    0 

9    4 


1     0 


7  2 

2  0 

3  0 

14  0 

10  6 

0  6 

17  8 

3  9 

22  1 

0  3 

5  9 

2  9 

6  10 

7  10 

6  2 

5  8 

6  3 

0  6 

1  0 

7  4  1 

8  6  < 

2  6 

No.  3  B0BI19G :  On  the  Raised  Beaoh  at  Lhen  Mooae  (p. 

(Details  published  by  Prof.  W.  Boyd  Dawkins  in  Trans.  Mancl 

Soc.,  vol.  xxii.,  p.  698.) 


Formation. 


[Raised 
Beach] 


Engineer's  record. 


[Glacial] 


Sand  and  shingle 

Silt 

Grey  sand  -  -  -  . 
Brown  sand 
Sand  and  shingle 
Shingle  -  -  .  . 
Grey  sand  -  -  -  - 
Shingle  -  -  -  - 
Silt 

Carboniferous  Limestone  - 


Thickness. 


1 

Ft.  in.  . 

12  0 

6  0 

48  0 

26  0 

18  0 

8  0 

9  0 

40  0 

0  6 

66  0 

*  The  term  "  stone  "  from  this  place  downwards  in  most  caaec 
to  Imiestone. 


t 
/ 
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No.  4  Bosina ;  On  thk  Ayhe  oppoarrx  Ksock-i-Doohby.    (p.  864.) 
rDetaila  pabllfihed  by  J.  Todd  Id  Yn  Lioar  Manniaagh,  voL  iiL,  p.  7S.) 


[Glacial] 


I  Triassic  : 
St.  Beea 
BaDdstone] 


Sand  with  atonos  .  -  .  - 
Sand  aud  gravel  .  .  -  - 
Soft  sandy  clay  with  fragmeat^ofcoal 

Sandy  clay 

Sand  with  small  pieces  of  coal  - 
Sand 


Silt    - 

Gravel  aud  clay  - 


Hed  nandatone   -        .        -        - 
Red  and  grey  sandstone     - 
Red  do.  -        - 

Red  and  grey       do. 
Red  do.  -        - 

Red  and  grey       do. 
Red  do.  -        - 

Red  and  grey      do. 
Red  do.  -        - 

Red  aud  grey       do. 
Red  do. 

Red  and  grey       do. 
Red  do, 

Brown  shale  and  red  aaodstone- 
Red  and  grey  aaudstoie     - 
Red  do. 

Red  and  grey       do. 
R^  do.  -        - 

Red  and  grey  do. 
Red 
Red 
Red 
Red 
Red 

lirown  shale 
Red  j^ndstoiie 
Brown  shale 
Red  sandstone 
Brown  shale 
lied  sandstone 
Shale 

Red  Bandatone 
Shale 

Sandy  shale,  variegated     - 
Red  Hands toDe,  stnated  with  shale 
do.  with  traces  of  coal 

Brown  sandy  shale  containing  am>i 

pebbles  of  coal 
Coarse  red  sandstone 
Dark  red  stone  .        -        -        - 

da       sandstone  - 

do.       stone  -        -        -        - 


and  ahale 
and  shale 
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Formation. 


[Brockram  f 
cant]  \ 


[Jjower 
Carbonif- 
erous] 


4 


■'a 


Engineer's  record. 


Sandy  shale  ... 
Dark  red  stone  (calcareous) 
Conglomerate    - 


Dark  red  stone  ;  brecdated 
Purple  sandstone  with  beds  of  brown 
and  grey  shale        -        .        .        . 

Freestone 

Purple  sandstone       -        .        .       . 
Purple  shaly  sandstone      ... 
Vanegated   sandy  shale  with  iron- 
stone nodules 

Gypsum  and  shale             ... 
Variegated   sandy  shale  with   iron- 
stone nodules 

Dark  shale- 

Variegated   sandy  shale  with   iron- 
stone nodules 

Dark   purple   shale  with   ironstone 

nodules 

Dark   purple   shale  with   ironstone 

nodules  and  beds  of  fireclay  - 
Variegated   sandy  shale  with    iron- 
stone nodules         .... 

Dark  shale 

Shaly  sandstone        .... 

Dark  shale 

Shaly  sandstone  .... 
Dark  shale  with  pyrites     -        .        - 

Dark  shale 

Ironstone  nodule       .... 

Dark  shale 

Ironstone  nodule        -        .        -        - 

Dark  shale 

Ironstone  nodule       .... 

Dark  shale 

Dark  sandv  shale  .... 
Shaly  saD({stone  .... 
Dark  shale  with  ironstone  nodules    - 

Black  fireclay 

Black  shale  with  beds  and  baUs  of 

ironstone 

Dark  grey  shaly  sandstone 

Grey  shaly  sandstone  with  ironstone 

nodules 

Dark  shale  with  ironstone  nodules    - 

Dark  shaly  sandstone 

Dark  shale  with  iron  pyrites 

Dark  grey  shaly  sandstone 

Dark  shale  with  pyrites     - 

Shaly  sandstone         .... 

Dark  shale 

Grey  limestone 

Dark  shnly  limestone 

Dark  shale 

Grey  limestone 

Hard  grey  stone         ... 


Thickness. 


Ft.  in. 

4  9 

4  4 

2  3 

2  6 

13  5 

12  0 

28  3 

6  0 

6  6 

0  6 

3  6 

1  6 

4  6 
18  11 

2  0 
23  9 


7 

0 

2 

2 

4 

0 

7 

0 

4 

6 

5 

0 

0 

3 

7 

0 

0 

3 

3 

0 

0 

4 

7 

8 

1 

10 

0 

8 

31 

5 

0 

6 

5 

9 

22 

2 

14 

6 

20 

9 

2 

0 

4 

6 

0 

6 

6 

3 

1 

0 

2 

2 

3 

0 

0  10 

1  6 
6    6 

2  6 
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No.  6  Boring  :  On  the  Ayre  opposite  Ballaoenney.  (See  p.  286.) 

(Details  abridged  from  the  borer's  journal,  communicated  by 

Messrs  Oaine  Bros.) 


Formation. 


[Eaised 
Beach] 


/ 


[Glacial]     I 


i 


[Triassic : 
St  Bees 
Sandstone;  / 
and  Lower 
Marls  = 


assaffe 
Beds. 


1 


[ 


Engineer's  record. 


Sand  and  stones 

Gravel 

Sand 

Clay 

Coarse  sand  and  gravel  with  clay 

Sand 

Gravel 

Red  sandstone 

Red  and  grey  sandstone     ... 

Red  sandstone 

Red       do.       with  grey  bands 
Red       do.       striated  with  shale    - 
Red       do.        with  grey  bands  and 

shale  partinffs         .        .        .        . 
Sandstone  with  £[rey  bauds 
Red  sandstone  with  shale  partings    • 

do.  with  grey  bands 

Red  shalv  sandstone  .... 
Red  sandstone  with  grey  bands 
Brown  sandy  shale    -       -       .       - 
Red  sandstone  -        -        -        - 
Red  and  grey  sandstone  with  shale 

partings 

Red  and  grey  sandstone    ... 
Sandstone  plies  [see  p.  587] 
Red  sandstone  with  grey  bands 
Brown  sandy  shale    .... 
Red  sandstone  with  grey  bands 

do.  striata    with    brown 

shale 

Red  sandstone  with  grey  bands 

Brown  shale 

Red  sandstone  with  grey  bands 
Red  shalv  sandstone  with  grev  bands 
Red  sandstone  with  grey  beknos 

Brown  shale 

Red  sandstone  with  grey  band  - 
Red  shalv  sandstone .... 

Red  sandstone 

do.  striated  with  shale     - 

do.  ■  .     '      . " 

do.  striated  with  shale 

Red  shalv  sandstone  -        -        -        . 
Red  sandstone  striated  with  shale     - 

do.  

do.  and  shale   - 


Thickness. 

Ft. 

in. 

16 

0 

27 

0 

36 

0 

34 

0 

26 

0 

73 

8 

0 

8 

13 

6 

0 

6 

6 

9 

20 

3 

1 

0 

72 

6 

142 

2 

1 

0 

111 

11 

1 

4 

127 

6 

0 

4 

0 

6 

1 

6 

35 

5 

0 

6 

33 

6 

0 

5 

40 

8 

4 

3 

8 

10 

0 

3 

22 

11 

2 

0 

43 

3 

0 

4 

11 

0 

8 

4 

3 

0 

3 

7 

2 

6 

0 

6 

1 

3 

20 

0 

1 

9 

47 

9 

Depth 


Ft.  in 


818    4 


1,004     1 


6d4 


BaooiBD  or. 


•  r<i:  f': 


Formation. 


[Permian : 
Brockram 
Series] 


Engineered  record. 


/ 


[Lower 
Carl)onif-  ( 
erous] 


\ 


Brown  sandy  shale  with  beds  of  grit  - 
Conglomerate    -        -        -        - 
Brown  sandy  shale    -        •        - 
Brockram 

Purple  sandstone  -  -  -  - 
Shaly  purple  sandstone  ... 
Purple  do.  ... 

Shaly     do.         do.  .        -        - 

Darker  do.         do.  ... 

Variegated  sandy  shale  ... 
Dark  sandstone ;  ikdli  ... 
Variegated  sandstone  ... 
Purple  and  grey  sandstone 

[plant-remaifii] 

do.  shalv  sandstone 

do.  sandstone 

[planl-remaifui] 

do.  sandstone 

Sandy  shale 

Grey  sandstone  and  shale  partings 

lplant-remain$\ 
Dark  shaly  sandstone  [casts  of  shells] 
Grey  sandy  shale  .... 
Bluish  grey  shaly  sandstone  with 
brown  beds  -  -  [casts  of  shells'] 
Dark  saody  shale  .... 
Dark  red  snale  with  ironstone  nodules 

Soft  shale 

Red  shale 

Hard  sandy  shale      ...        - 
Limestone  with  beds  of  shale    - 
Calcareous  sandy  shale      ... 

Red  sandstone 

Shale 

Limestone 

Calcareous  shaly  sandstone 

Limestone 

Shaly  limestone         .        .        .        . 

Sandy  shale 

Red  shale 

Soft  coal     [no  core,  but  trances  of  coal 

%n  the  core-tube] 

Sandy  shale 

Shaly  sandstone 

Limestone 

Shaly  sandstone 

Limestone 

Calcareous  shale        .        .        .        . 

Limestone 

Shaly  sandstone  with  gypsum   - 
Sandy  shale  do. 

Shaly  sandstone        do. 

do.  with  beds  of  limestone 


Thickness. 


DeptL 


Ft.  in. 

14  0 
0  6 
3    0 

19  '6 


7 

0 

S 

6 

6 

6 

S 

4 

13 

9 

4 

6 

7 

3 

1 

6 

9 

0 

4 

0 

14 

9 

9 

3 

0 

4 

19 

8 

4 

9 

3 

9 

27 

7 

4 

6 

14 

0 

4  10 

6 

9 

6 

8 

4 

6 

3 

6 

0 

4 

0 

2 

0 

9 

6 

6 

4 

2 

2 

3 

1 

7 

0 

9 

0 

6 

0 

6 

7 

6 

0 

8 

2 

4 

2  10 
6  0 
5     9 

10  10 
8     8 

3  4 
13    6 


Rin. 


1,041   1 


1,30     1 


RbcOHD  of  UotLINGd. 
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No.  6  BoBiNO  :  At  thb  Point  ov  Atbe.    (See  p.  290.) 
(Details  supplied  by  Messrs.  Craine  Bros.) 


•mation. 


sed 
Beach] 


icial]     ( 


\ 


lassic  : 
iferous 
Marls] 


\ 


Engineer*s  record. 


Shingle 

Gravel 

Sand  and  gravel         -        -        .        - 
Sand 

Sand  and  gravel         .        .        -        - 

Hard  sand 

Clay 

Sandy  clay 

Sand  -        -        

Sandy  clay  with  stones      -        -        - 

Keddish  clay 

Sandy  clay 

Sandy  clay  'v^ith  stones      -        -        - 
Sandy  clay 

do.         with  stones      -        -        - 

Silt    - 

Gravel  with  shells      .... 

Sand  ------- 

Muddy  sand  with  shells    -        -        - 

Reddish  sand 

Sand  and  gravel         .        .        -        - 

do.        do.      with  pieces  of  coal  - 

Gravel 

Coarse  gravel  with  clay 

Reddish  sand 

Gravel 

Stone  [houlder] 

Gravel  and  sand  with  clay 

Red  marl  with  stones  and  gypsum     - 

Brown  marl  with  gypsum 
Gypsum  mixed  with  sandy 

marl        -        -        - 
Brown  and  grey  marl  with 

gypsum  -        - 
Brown  marl  with  gypsum  - 
Brown  and  grey  marl  with  gypsum   - 
Grey  marlstone  with  gypsum     - 
Brown  and  grey  marl  with  gypsum  - 

Grey  marlstone 

Brown  and  grey  marl         -        .        - 

Grey  marlstone 

Brown  marl  with  veins  of  gypsum    - 
Brown  marl  with  salt 

Brown  marl 

Grey  marlstone  with  beds  of  gypsum 
do.  with  salt  -        -        - 

do.  with  beds  of  gypsum 

Brown  marl  with  veins  of  gypsum     - 
Brown  and  grey  marl  with  beds  and 

veins  of  gypsum     -        -        -        - 

Salt(l)      -        -        -        -        - 

Brown  and  grey  marlstone  with  salt  - 
Salt  (2)       -        -        -        -        - 

Brown  and  grey  marlstone  with  salt  - 
Salt  (3)       -        -        -        -        -       - 

Brown  and  grey  marlstone  with  salt  - 
Salt  (4) 


Thickness. 


Disturbed 
marl. 


8 
6 

10 
3 
5 

10 


Ft.  in. 

16  0 

32  0 

8  0 

12  0 

37  0 

8  0 

27  0 


2 
2 
8 
2 
0 
4 
2 
0 
1 


0 
0 
0 
0 
0 
0 


20  0 

13  0 

6  0 

1  0 

7  0 

12  0 
36  0 

2  0 
2  0 

35  0 

9  0 

24  0 

6  0 

0  8 

8  4 
65  0 

72  0 

2  0 

42  0 

3  0 
8  0 

13  0 
5  0 


0 
0 
0 
6 
8 
0 
0 
2 
0 


2  11 

6  0 

12  6 

3  0 
8  6 
6  6 

1  6 

2  3 
1  0 


Depth. 


Ft.  in. 


363  0 

428  0 


604  3 


639  6 


586 


RbOORD  or  fiOBtNOS. 


Formation. 


Engineer's  record. 


/ 


[Triassic : 
Saliferous 
Marls.] 


'  J. 

r 


Brown  and  grey  marlstone  with  salt  - 

Salt  (6) 

Brown  marl  with  salt         ... 

Salt  (6) 

Grey  marlstone  with  salt  ... 

Brown  marl 

Salt  (7)  with  about  50  per  cent  marl 

Brown  marl 

Salt  (8)  wiUi  about  25  per  cent  marl 
Brown  marl,  with  about  30  per  cent  salt 

Salt  (9) 

Brown  marl 

do.       with  salt  -       -       -       . 
Brown  and  grey  marlstone 

Salt  (10) 

Blue  marlstone 

do.      with  about  10  per  cent  salt 

Salt  (11) 

Brown  marl 

Salt  (12) 

Brown  and  grey  marl         -       -        - 
Brown  marl  with  salt 

Salt  (13) 

Brown  marl* 

do.         with  salt        .       .       . 
Blue  marlstone  -       -       -       -       . 

do.  with  salt   - 

Brown  and  grey  marlstone 

Salt  (14) 

Brown  and  grey  marbtone 

Salt  (15) 

Salt  with  about  20  per  cent  marl 

Salt  - 

Salt  with  about  20  per  cent  marl 

Blue  marlstone 

Brown  and  blue  marl  with  salt  - 

Salt  (16) 

Brown  and  blue  marl  with   about 

30  per  cent  salt     .... 

Salt  (17) 

Brown  and  blue  marl  with  salt  and 

veins  of  gypsum  .... 
Salt  (18)  wiUi  about  50  per  cent,  marl 
Brown  and  blue  marl  with  veins  of 


gyps 

iit  (1! 


um 


Salt  (19)  with  about  50  per  cent,  marl 
Brown  and  blue  marl  with  salt  and 

veins  of  gypsum     .... 
Salt  (20)     -        -        -        - 
Brown  and  blue  marl  with  salt,  and 

beds  and  veins  of  gypsum 

Salt  (21)     - 

Brown  marl  with  salt.    Breccia 
Soft  brown  and  blue  marl  with  salt 

and  gypsum    -        - 
Soft  brown  sandy  marl  with  gypsum  - 
Soft  brown  marly  sandstone 
Wxow  11  sandy  marl     -        -        -        - 
8oft  brown  marly  sandstone 
Soft  brown  and  grey  sandstone  - 
Bluish  grey  sandstone 


Thickness. 

Ft  in. 

6    0 

0    6 

5    6 

4    0 

0    6 

11    6 

3    8 

7    0 

2    0 

1     4 

0    6 

7    8 

2    8 

6    0 

8    6 

I     4 

8  10 

16    0 

1     9 

1     6 

4    9 

2     0 

0    6 

2     0 

1     6 

4         t\ 

9 

8 

1 

0 

3 

8 

0 

10 

6 

4 

2 

10 

4 

0 

4 

3 

9 

4 

1 

9 

10 

8 

14 

0 

10 

2 

8 

10 

4 

4 

1 

9 

2 

4 

1 

9 

16 

6 

5 

6 

4 

6 

13 

6 

25 

4 

1 

0 

12 

4 

3 

4 

1 

6 

1 

2 

p#  : 


&BOOBD  or  SoiUNGS. 


Thickness. 

Ft.  in. 

i     0 

33     0 

17     9 

8    0 

34     6 

1    3 

16    3 

S4     0 

7     6 

21     1 

13    0 

4     0 

3     0 

6    6 

6    3 

B     3 

6     0 

6     3 

5     3 

6     6 

4     6 

14     0 

0     C 

4     9 

0     3 

3    0 

4     2 

3     4 

U    6 

3     ti 

1     0 

3     G 

13     4 

4    9 

4  11 

2  10 

3    1 

9     0 

2     2 

0     4 

8     6 

0    4 

13     1 

11     2 

4  11 

S     4 

6     6 

6    7 

G     0 

Euuning  sand 

Sand  and  gravel         .        -        .        . 
Ited  sandstone  witli  beds  - 

Hcd  sandstone 

Ited  sandstone  with  soft  beds    - 

Grey  fakes' 

Fireclay 

Faky  fireclay     -        -        .        - 

Grey  fakes 

Faky  fireclay 

Light  grey  fakes  with  grey  plies' 
Faky  hrecUy  with  spar 

Grey  fakes 

Fuky  fireclay 

Grey  fakes         .        -        .        -        - 

Fakey  fireclay 

Grey  fakes 

Faky  fireclay 

Grey  fakes 

White  sandstone,  extra  hard 

Grey  fakes 

Green  whinstone  [Greenstone  dyke  1] 

do.  Hoft  -  -  - 

Blue  whinatone  .... 

Soft  parting 

Coarse  ijruwn  sandstone,  hard  - 
Faky  fireclay     -        -  -        - 

Grey  fakuN  .        -        -        -        , 

Faky  fin-flay 

Dark     do. 

Dark  grey  fakes  and  blaes' 

Dark  fireclay  with  spar 

Light  faky  fireclay     -        -        -        - 

Dark    do.      do.         -        .        .        - 

Blue  fireclay  and  M|)ar 

Light    do. 

Grey  sandstone,  extra  hard 

Grey  fakes  and  spar  -        -        -        - 

Orey  sandstone,  extra  bard 

Soft  parting 

Grey  kingle',  extra  hard     ■ 

Soft  parting 

Grey  sandstone,  extra  hard 
Light  grey  fakes  with  white  spar 
Dark  ftiky  fireclay      -        -        -        - 
Blue  fireclay  and  spar 

Grey  fakes 

White  spar,  e»tra  bard  [Qnarlz  vein  f] 
Dark  fakes  and  spar  -        -        .        . 


Fakb8= sandy  shale. 
Puis —thin  parting. 


BiBUOORAPHT    1066-1825. 


APPENDIX  IV. 


Minerals  mentioned  p.  6],  foL     Louilun.    (Uepriiite 
yociety,  vol.  s.,  1863.) 
not.  yACHBVEBKLL,  \V.  (late  Governor  of  Msiii).     An  account  ■ 
of  Man,  iu  inhuliitants,  lAngiiage,  Soil,  Kcmarkable  ( 

(Ueuriuted  for  the  Manx  Socie^ :  toL  L,  IXiuglas,  IBbD, 

Kev.  J.Q.  Ciunmiug.) 

nii.  Wilson,  T.  {Bishop).    A  Dew  Siuray  and  Description.    2 

the  late  of  Man  ;  in  tuI.  ii.,  pp.  391-398  ot  fourth 

Uamden  3  Britannia :    aUo  reprinted  in  1781,  in   "1' 

of compiled  by  C.  OuttwelL"     Bath 

for  C.  and  K  Uruttwell,  and  sold  by  C.  Dilly,  Poultr' 
2nd  ed.,  3rd  ed.  1786,  4th  ed.  1797. 
1786.  WiLKS,  J.     Kemarks  on  Bog  Timber  in  the  Isle  of  Man.     G' 

Magazine,  1785,  p.  503. 

1791.  TowNLBV,  ii.     The  laic  of  Man,   with  obserratioDS  on 

Ulimate,  and  Natural  Fnxiuctiona,  etc.  S  voia.,  8vo.  \V 

171M.  QuATLE,  B,    General  view  of  the  Agriculture  of  the  lale  o 

Board  of  Agricuitvre.    4i 

1798.  Felthau,  J.    A  Tour  Throuj!h  the  Island  of  Maun.    8' 

(Reprinted  for  the  ilani  Soc,  vol.  vi.,  1661.) 

1811.  Woods,  O.    An  account  of  the  Fast  and  Preaent  State  of 

Mao,  including    ...    a  Sketch  of  its  Mineralogy. 
8VO. 

1812.  QUAYLE,  Tbouas.    General  View  of  the  Agriculture  of  tl 

Man.  S\ 

1814,  Bekuei^  Db.  J.  F.     Miueralogical  Account  of  the  lale  of  ' 

Trans.  GeoL  Soc,  vol.  ii,, 

1818.  MuuKAV,  J.     On  Phosphate  of  Iron.    Ann,  of  Phil.,  vol.  i 

1819.  Maccullooh,   Dr.  J.     A  description  of  the   Western   1 

Scotland,  including  the  Isle  of  Man,  comprising  an  a 

their  Geological  Htruclure,  etc,   2  vols.  8vo.:  Atlas,  *to. 

16£1.  Asotl.     Uiitcovcry  of  the  Fossil  Klk  of  Ireland,  in  the  isle  ( 

Edin,  Phil.  Jonm.,  vol 

Hknslow,  Kkv.  Peof,  J.  S.    Supplementary  Ubserratioi: 

Bcrger'it  Account  of  the  Isle  ol  Man, 

TranB.  Geol.  Soc,  vol. 
1623.  Anon.    Foasit  Elk  of  the  Isle  of  Man. 

Edin.  Phil.  JooriL,  vol.  vi 

UawALD,  H.  K,    On  the  Stratification  of  Alluvial  IJeposit^ 

Crystalizatiou  of    Ualcaruous    Stalactites,  in   a  lette 

MuccuUoch,  tjvo 

1824.  Beku£K,  Db,  J.  F.    Iteply  to  Mr.  Uenslow's  Observatioi 

Bergor's  Account  of  the  Isle  of  Man. 

Ann.  of  Phil.,  ser.  2,  vol.  vi 
Uenslow,  Bev.  1'ruf.  J.  S.    Kemarks  upon  Dr.  Berger's 
Mr.  iieiialow'u  Observations,  et«. 

Ann.  of  Phil.,  ser.  S,  vol.  vi 
1826,  HiBBEHT,  Dr.  S.    Account  of  the  Circuinatances  connectet 
Diiicovury  of  the  FimjsII  Elk  in  the  Isle  of  Man,  etc 

Edin.  Joum.  of  tScience,  voL 
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1825.  HiBBERT,  Dr.  S.  Notice  of  the  Reraaina  of  an  Animal  resembling 
the  Scandinavian  Elk,  recently  discovered  in  the  Isle  of  Man,  etc. 

Edin.  Journ.  of  Science,  vol.  iii.,  p.  129. 

Oswald,  H.  R.    Observations  relative  to  the  Fossil  Elk  of  the  Isle 

of  Man.  Edin.  Joum.  of  Science,  vol.  iii«  p.  28. 

1835.  Gilbertson,  W.  A  Notice  of  the  Result  of  a  Visit  to  the  Isle  of 
Man  in  search  of  Fossils.  Mag.  Nat.  Hist.,  vol.  viii.,  p.  119. 

1838.  Forbes  (Prof.),  E.  Malacologia  Monensis.  A  catalogue  of  the 
Mollusca  inhabiting  the  Isle  of  Man  and  the  neighbouring  Sea  : 
[refers  to  Nassa  reticulata].  8vo.    Edinourgh. 

1841.  Forbes  (Prof.)  E.    On  a  Pleistocene  Tract  in  the  Isle  of  Man,  and 

the  relations  of  its  Fauna  to  that  of  the  neighbouring  Sea. 

Rep.  Brit.  Assoc,  for  1840.    Trans,  of  Sections,  p.  104. 

1842.  Forbes  (Prof.)  E.    "  Geolo^,"  pp.  55-58,  in  Quiggin's  (afterwards 

Glover's)  Illustrated  Guide  and  Visitors'  Companion  tnrough  the 
Isle  of  Man. 
8vo.,  Douglas  :  3rd  ed.  1847  ;   5th  ed.,  8vo.,  1856 ;   6th  ed.,   1868 
(afterwards  Glover's). 

1843.  Strickland,   H.   E.     On    some   remarkable    Concretions    in    the 

Tertiary  beds  of  the  Isle  of  Man.     Proc.  Geol.  Soc.  vol.  iv.,  p.  8. 

1846.  Gumming,  Kev.   J.  G.     On  Posidonian  Schist   amidst   Trappean 

Beds,  and  on  Traces  of  Drift-ice  in  the  South  of  the  Isle  of 
Man.  Rep.  Brit.  Assoc,  for  1845.    Trans,  of  Sections,  p.  60. 

Cum  MING,  Rev.  J.  G.    On  the  Geology  of  the  Isle  of  Man. 

Quart.  Journ.  Geol.  Soc.,  vol.  ii.,  p.  317. 

CuMMiNG,  Rev.  J.  G.  On  the  Geology  of  the  Isle  of  Man.  The 
Tertiary  Formations.       Quart.  Journ.  Geol.  Soc.,  vol.  ii.,  p.  336. 

Forbes  (Prop.)  E.  On  the  Connexion  between  the  Distribution  of 
the  existing  Fauna  and  Flora  of  the  British  Isles^  and  the 
Geological  Changes  which  have  affected  their  Area,  especiallv 
during  the  epoch  of  the  Northern  Drift.  [Manx  Glacial  Shells 
and  Irish  Elk  discussed,  pp.  383-385  and  3d4 :  also  appendix, 
p.  406.1  Mem.  Geol.  Survey,  vol.  i.,  pp.  336-432. 

1847.  Gumming,  Kev.  J.  G.    On  the  Geology  of  the  Calf  of  Man. 

Quart.  Joum.  Geol.  Soc.,  vol.  iii.,  p.  179. 

1848.  CuMMiNG,  Rev.  J.  G.     The   Isle   of   Man,   its  History,  Physiad, 

Ecclesiastical,  Civil,  and  Legendary.  8vo.    London. 

Daewin,  Charles.  "  On  the  Transportal  of  Erratic  Boulders  from 
a  lower  to  a  higher  level  [discusses,  among  other  instances,  the 
uplift  of  the  Foxdale  Granite  boulders,  on  data  communicated 
by  Rev.  J.  G.  Gumming]. 

Quart.  Joum.  Geol.  Soc.,  vol.  iv.^  pp.  315-323. 

1851.  McCoy,  Prof.  F.    Descriptions  of  some  new  Mountain  Limestone 

Fossils  [describes  SanguinoliUs  variabilis]. 

Ann.  and  Mag.  of  Nat.  Hist.,  ser.  2,  vol.  vii.,  p.  167. 

1852.  Milne-EdwardSj  Prof.  H.  and  J.  Haime.     A  monograph  of  the 

British  Fossil  Corals.    Third  ipart.    Corals  from  the    ...    . 
.    .    .    Mountain  Limestone  [see  Fossil  list,  p.  257]. 

PalaeontoCTaph.  Soc. 

1854.  Gumming,  Rev.  J.  G.     On  the  Superior  Limits  of  tne  Glacial 

Deposits  in  the  Isle  of  Man. 

Quart.  Journ.  Geol.  Soc.,  vol.  x.,  p.  211. 

1855.  Gumming,  Rev.  J.  G.    On  some  of  the  more  recent  changes  in  the 

Area  of  the  Irish  Sea. 

Edin.  New  Phil.  Joum.,  ser.  2,  vol.  i.,  p.  57  ;  also  abstract  in  Rep. 
British  Assoc,  for  1854.    Rep.  of  Sections^  p.  80. 
1858-1863.  Davidson,  T.    A  monograph  of  the  Britisn  Fossil  Brachiopoda. 
Pt.  V.  The  Carboniferous  Brachiopoda  Nos.  3  *fe  4.    [Isle  of  Man 
specimens  figd.  PL  3,  19,  20,  34 ;  see  Fossil  list,  ante,  pp.  258-9.] 

Palaeontograph.  Soc. 

1861.  Gumming.   Rev.  J.  G.     Guide  to  the  Isle  of  Man  (Chap,  xiii., 

Geology,  p.  157)  ;  also  later  editions.  8vo.    London. 
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1661.  WiuoM,  O.,  AND  <Sib)  a.  Oeikik.    Life  of  Edward  Fort 

8vo. 

1862.  Grindley,  T.    Geology  of  the  Isle  of  Man.    Geologist,  v 
Taylor,  J.  [E.].    Supposed  Imprints  in  the  Lower  Oa 

of  the  Isle  of  Man.  Geologist,  t( 

1863.  Grindley,  T.    Footprints  in  the  Cambrian  1  Slates 

Geologist,  Tc 

Thwaites,  W.     The  lale   of   Man :   its  Civil  and  1 

History,  Antiquities,  Botany,  Zoology,  etc.  8v< 

186J.  Taylor,  J.  [E.].    The  Cambrian  Strata  of  the  Iwle  of  M 

Trans.  Manch.  Geol.  Soc.,  vol.  iv.,  pp.  70-107  (abstract  i 
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Abbey  Lands,  159,  455,  542. 

Abbey  Lands  Mine,  542. 

Abnormal  dipe  in  Manx  Slates,  52, 
129,  132,  137,  144,  166,  168. 

Abnormal  strike  of  greenstones, 
121,  127,  162,  153,  184. 

Accident  in  Snaefell  Mine,  627 
(note). 

Accumulation  of  ice-sheet,  condi- 
tions of,  391. 

Actinolite-traps,  133,  139,  145,  167- 
159,  168,308-311. 

Adderry,  159. 

jEglhia  or  Asapktis,  92-93. 

A^te,  531,  672. 

Age  of  metalliferous  lodes,  488-491. 

Age  of  movements  in  Manx  Slates, 
72  ;  in  Carboniferous  rocks, 
251. 

Agneasli  Crags   {see  Creg  Agneasli). 

Agneash  Grits,  4  ;  weathering  of,  15  • 
place  in  sequence,  30;  general 
description  of,  39^45  |  size  of  grains 
in,  39 ;  quartz  veins  m.  40  ;  struc- 
ture of,  40;  strike  of,  45;  other 
grit^  resembling,  46-49 ;  petro- 
graphy of,  97  ;  tliickness  of,  116  ; 
local  description  of,  126,  140,  144- 
145,  158,  159  ;  in  relation  to  mines, 
491,  492,  527. 

Agricultural  Geology,  568-509. 

Agricultural  Statistics,  570. 

Ausa  Craig  rock  (see  Boulders). 

Albert  Tower,  06. 

Aldrick,  17^.  478,  532. 
Alluvium  of  river-valleys,  405-406  • 
of  curraghs,  406-409,  437-440  ;  ot 
central   valley,  409-412,  457-460; 
of  southern  lowland,  412-415. 
Altered  Elvans,  158,  318-319. 
Altered  greenstones,  111,  130,  139, 
308-311      (see     also     Actinolite- 
traps). 
Altered  Slates,96,  106-114,  126,  135, 

141,  169,  164-165,  169,  186. 
Altitude  of  y)rincipal  mountains^  3, 
8,  9 ;    of  Curraghs,  6 ;  of  Bride 
Hills,  353 ;  of  raised  beach,  419. 

Analyses,  greenstone,  308  •  boulder- 
clay,  465  ;  microgranite,  575 ; 
slate,  575,  576  ;  diabase,  576; 
carboniferous  shale,  577. 


Ancient  lake.s,  of  historical  period, 

6,  407,  408,  409,  412, 
Anderson,  Dr.  T.,  406L 
Andesitic  breccia  near  Dalby,  38, 

117,  163,  323  ;    near  Cre^^^iBh, 

324. 
Andesitic  fragments  in  Manx  grits, 

46,49,99,  117. 
Andreas  Platform,  436. 
Andreas,  Kirk  (see  Kirk  Andreas). 
Anglesey,  270,  393. 
^Vnnelida  (Carboniferous),  257. 
Annual  Reports  of  Director-General 

of  Geol.  Survey,  24,  28,  233,  374, 

592-594. 
Anon,  (bibliography),  688,  691,  593, 

594. 
Ansted,  Prof.,  501. 
Antarctic  Ice-sheet,  394. 
Anticlinal  structure  in  Manx  slates, 

30,  84,  117  ;  in  carboniferous  lime- 
stone, 203,  222,  223. 
Anticline,  structural,  in  deep  mine, 

522. 
Anthracite  in  I^ixey  lode,  520,  550, 

558,  572. 
Antimony,  149, 480, 502, 504, 646,572 
A])palachian  Highlands,  395. 
A  pus  (see  Lejnduni^), 
Arbory    (BallabegX   206,  207,  303, 

328,  368,  412,  469,  471,  479. 
Archallagan,     HI,    164,     168,  350, 

351,   368,    370,   458,  459,  468,  477, 

516. 
Arches,  The,  TwAngneas,  177, 190, 195, 

325,  539. 
Arctic  fre^- water  bed,  374,  375,  385, 

397. 
Arctic  plants,  list  of,  374. 
Arctic  willow,  374,  375,  376,  388. 
Ardonan,  437,  439. 
Arran  Granite(«eg  Boulders,  Glacial). 
Artificial  changes  of  drainage,  10, 

406,407,411,435,  444. 
Ashe,  Mr.,  647. 
Astarte  b*jreali\  336. 
Athol   Bridge,    189,    196,   206,    250, 

484,  555. 
Athol  House,  Douglas,  446. 
Athol,  Duke  of,  379,  483-484,  558. 
Asaphns  (see  ^E(flina) 
Asl>estos  (see  Dun  Earth). 
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iiaMine,  556. 
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n  Mine,  643. 

n   Hiver.  3,  8,    41,   111,   158, 

371,4.>1. 

a   valley,  41,   15f',  300,  318, 

,  41,  476. 

S  (Arbory),  412,  471  (»fe  also 

ry)- 

g  (Crosby),  464. 

B(Laxfy),329. 

■(.ve,  440. 

lilt,  170,  32:J,  371,  460. 

tntdyku,  170,322. 

in,  163,  438. 

llin  Mixiar,  lfi7. 

nnell,  185,  328,  330,  47a 

rnane,  12. 

mane  Hck,  136. 

rnaiic  Mooar,  136. 

sh  Hill,  433. 

oaii,  160. 

onley,  434. 

rink 

ildwin),  158,  4.'>4. 

)X(lale),  167. 

irljy),  434,  43.-1. 

augbold),  140. 

itrick),  163. 

riatory,  43.'i. 

lUrry,  435. 

lymm    Hills,  3;.3    (ire    iiltu 

i  Hills). 


arey,  "j6fi. 
"ie,  452 


oilev,  437. 
Kiley,  3(i3. 
'rafie,  -137  438. 

irki.sh  Mini's,  87,  IKI,  .^30, 
483.  484,  487,  488.  4^3, 
:  (Ifwcrii'tion  of  workitiKs, 
>35  ;  acleritc  liykett  in, 
i35  ;  statisticH,  533  ;  "slides," 
S38,  r,r,t,. 

'^ri^  170,  46S,  KS. 
irteen,  4W. 
•aiiahan,  162,  308,    458,    5&S. 


Itallacottier,  433,  452. 
Kallacottier  Itiver,  160,  4:'2. 
Itallacowlc  (ilcn,  66. 
Ilallacraine,  156, 4-'ii). 
Ballacrei^ga.  184. 
liallacrcj^^n  452. 


Hallac 
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Bttllacrosha,  152,  43«. 

BallaciiDner.  431. 

Ballacwrry,  4.'i9. 

Ilalladoole,      199,    204,    207,    20?^, 

214,    216,    218,     2.57,    331,     3m, 

412,465,  471,  ,537. 
Ilalladoole    Fault,    204,    207,    208, 

310. 
Ballatletcher,  457. 
ISallafurt,  461. 
Uallagai-ghan,  15H,  164. 
Biillafiannin,  3(13. 
'alla^rretl,  4 


Ballat 


•,  560. 


Balliigeay,  -' 

Jiallagcnney,  4ai. 

Unllaircnncy  Boring,    269,   286-268, 

4IM-4;0, 533-684. 
lliilk<;haie,  434. 
BalU^imrt,  469. 
HaiMaaa,  140. 
Ralla^lass  Mine,  542. 
"allagorra,  476,  .''.41,  .'i41,  5.-.2. 
BftllaKyr.  270, 157. 
Ralliihick,  20.5,206,  171. 
ItHllaliifr,  3.50. 
Halluhot.  1!W,  197.  200,  2.59.  .563. 

i;.i)i.(hiit.-liiti,  ^.->-i. 

llull^j./ra  iron  M i rus  .'■.40. 
llailakaigeti,  4H. 
Hallakoigan,  2U7,  412, 
Ballakelly  (Andreas),  56a 
—  (Marown),  4,54, 
Ballaken,  170. 
Ballakewin,  196. 
Ballakelly  (Bride),  433. 

(Lonan),  329,  452. 

Ballakillingan,  439. 
ISallakilmartin,  452. 
BalUkionag,  .353,  4U4,  423,  437. 
Bftllaleece,  384. 
Ballalheaoey,  38t>,  430. 
Ballalheigh,  36.5,  366,  447. 
ISallalionney,  447. 
Ballaloiinev.  363. 
Balla  Lough,  407,  408. 
BalialongI',  410,  4,54,  45& 
BallamftCinkelly,  353,  431, 
BiillBiiiiiddrell,  207. 
BjllamaDangh,  (tO,  449. 
Ballameanagb  (Clay  Mead),  338. 
BallanieaDagh  Beg,  452. 
Bftllaraeeagh,  436. 
Ballamodha,  618. 
Ballamodha  Mooar,  469. 
Ballamoar  (St.  John's),  661. 
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Ballamona,  438,  439. 

Ballamoore,  164,  316,  410. 

Ballanard,  161,  466. 

Ballanass,  164,  458. 

Ballanayre    Strand,  38,    66,  67-69, 

121,  122,  441,  476. 
Ballaneary,  60. 
Ballanicholas,  167,  468,  518. 
BallaDicholas  Mine,  518. 
Ballanoms,  207. 
Ballaoatea,  164,  552. 
Ballapadda^,  170,  322,  371. 
Ballaquale  Koad,  Douglas,  446. 
Ballaquane,  163,  277,  323    457,  461, 

563. 
Billaquane  Strand,  36,  148. 
Ballaquiggin,  469. 
Ballaciuine,  454. 
Ballarock,  172. 

Ballasaig,  140,  450,  476,  641,552. 
Ballasalla,    189,    196,    197,  205-207, 

254,  257,  368,  471,  555,  558. 
Ballasalla  Umber  Works,  555,  556. 
Ballaseyr,  436. 
Ballasherlocke,  185,  533. 
Ballasherlocke  Mine,  see  Bellabbey 

Mine. 
Bailashinimin,  157,  197^453,  477. 
Ballaskeg  Mine,  129,  542. 
Ballaskella,  65,  134,  322. 
Ballaslig,  460. 
Ballastowell,  55,  66,  93. 
Ballatarrant,  206. 
Ballateare,  423,  434. 
Ballaterson,  375,  378-381,  438. 
Ballaterson,  East,  444. 
Ballaterson,  West,  125. 
Ballathona  {see  Ballamacskelly). 
Ballaugh,  375,  377, 378-382, 397, 400, 

408,  413,  437,  447,  448. 
Ballavair,  433,  436. 
Ballavaish,  155,  156. 
Ballavar,  469. 

Ballavarane  {see  Ballavarvane). 
Ballavarkish,  433,  469,  479. 
Ballavarvane,  452,  469. 
Ballavell,  196,  369. 
Ballavoddan,  206. 
Ballavolley,  438. 
Ballawhane    Boring,    268,   282-284, 

421,  579-580. 
Ballawooiis,  193. 
Ballawylliii,  159,  458,  543,  566. 
BalK'igheragh,  66,  136,  329,  546. 
Ballclby  Glen,  163,  308. 
Ballelin,  143,  312. 
Balliargcy,  159. 

Ballig,  156,  445,  460,  462,  463,  660. 
Ballingan,  459,  478,  653. 
Ballnalargy,  38,  163,  300. 
Ballure  443  444. 
Ballure'  Glen,  66,  123,  136,  346,  430, 

660,  571" 


Ballybeg,  445. 

Ballybetagh,  co.  Dublin,  ^ 

Banks  Howe,  162,  161,  368, 
666. 

Banner  Rock,  Santon,  308. 

Barkeil,  R,  631,  633,  636,  J 

Bamell,  162,  306. 

Barnes,  J.  and  W.  F.  Holr 

Barony    Hill,   129,    130,  . 
309,  313. 

Barony  Mine,  643. 

Barrane,  461. 

Barren  Lands  of  Canada,   : 

Barroo  Ned,  173,  174,  479, 

Barroose,  160,  451. 

Barrow,  G.,  334,  470,  574. 

Barrowgarroo,  137. 

Barrow    Mouth    (St    Be 
269. 

Barrow  salt-field,  289. 

Barrule  Beg,  167,  477. 

Barrule  Sktes,   4 ;    weatl 
15  ;  place  in  sequence,  3 
ture  of,  46,  61  ;   general 
tion  of,  49-64 ;  fossils  ii 
main  belt  of,  60-62  ;  syn< 
in,  52,   23 ;   north-west 
belt,  62-64 ;    relation    1 
conglomerate,  70  ;    thic 
116  ;  nodules  in,  121  ; 
scriptions  of,  133,  135, 
140,150,  157  ;  small    oi 
in,  140j  162,  163,  164  ;    ( 
299 ;    m  relation  to    n 
quarries,  491,   492,  505, 
560,  561. 

Barrule  Slate  Quarries,  16* 

Barton,  G.  H.,  352. 

Barytes,    486,    611,   516, 
546,  648,  572. 

Bawden,  Mr.,  646. 

Bay  Fine,  43^  172,  478,  484 

Bay  ny  Carnckey,  42,  i77, 
307,  328,  329,  331,  413,  4 

Bay  Stacka,  43,  174,  176,  4 

Bay  yn  Ow  (Calf),  173. 

Beal  feayii  ny  G«Bty,  316,  5 

Bearv,  477,  550,  573. 

Beary  Pairk,  134, 156,  453. 

Becker,  G.  F..  491. 

Beckwiih's  Mine,  468,  487, 

502,  504-8. 
Beckwith,  W.,  504. 

Bedding  and  cleavage,  rel 

85-86. 
Bedford^  J.  E.,  591. 

Beetles  m  peat,  376,  379,  4 

Begoade,  452. 

Beinn  y  Phott  (Pen-y-P< 
108,  111,  138,  167,  310, 
449,  466. 

Bell,  A.,  693. 

Bellftbbey,  185,  585. 
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Bellabbey  Glen,  330. 

Bellabbey  Mine,  535. 

Bella8t)et,  458. 

Belt,  T.,  590. 

Bemrose,  H.  H.  A.,  271. 

Bennie,  J.,  374,  375,  385,  387,  427. 

Berger,  Dr.  J.  F.,  17,  25,  187,  188, 
225,  264,  402,  409,  482,  500,  510, 
519,  529,  558,  560,  563,  566,  568, 
570,  588. 

Berra^,  435. 

Berwickshire,  East,  366. 

Bibliography,  588-595. 

Billown.  206,  207, 412,  471,  556,  563. 

Billy  Gilbert's  Harbour,  544. 

Binney,  £.  W.,  21,  89,  90-92,  267, 

590. 
Biotite  Mica-traps,  302. 
Birds,  J.  A.,  21,  333,  690. 
Birley,  Miss  C,  252,  256-262. 
Bishops  Barony  Mine  {see  KUerslie 

Mine). 

Bishopscourt,  364,  374,  425,  447. 
Blabae  River,  157. 
Black  Combe,  366. 
Black  Head.  174 
*  Black  Marble,'  564. 
•Black    Marble'  Quarry,  220,  224, 
235,  465,  479. 

Black  Rock  (Castletown  Bay),  201 

Black  Rocks  (Kentraugh),  177,  307, 
331. 

Blacksmith,  ingenious,  makes  up  elk, 
378. 

Blende,  curious  variety  of,  517  {see 
also  Zinc-ores). 

Block  Eary,  133,  309,  318,  323,  527. 

Block  Eary  Trials,  527. 

Block,  grit,  large,  in  crush-conglom- 
erate, 59-60. 

Bloom  Sand,  402-405,  418,  422,  423, 
429,  445,  464,  465,  568. 

Blue  Point,  5,  282,  373,  403,421, 
579. 

Boe,  The  (Fleshwick),  171. 

Boe  Norris.  202. 

Boes,  The  (Castletown),  202. 

Bolton,  H.,  22,  26,  28,  50,  55,  59,  66, 
89-94,  126,  592.' 

Booilevane,  306. 

Booldoholly,  169. 

Borings  in  north  of  island,  281- 
295,  340-344,  578-586  ;  near  St. 
Jude's,  280,  559  ;  Glenfaba,  278, 
457  ;  near  Peel,  278-279,  587  ;  in 
Peel  Bay,  442 ;  Ballasalla,  559  : 
{see  also  *  Concealed  strata  of 
north  of  island  '  and  *  Deep 
Borings '). 

Borrowdale  volcanic  rocks,  sup- 
posed, in  Manx  Slates,  21,  26, 114  ; 
structures    in,     compared     with 
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Manx  rocks,   237  ;   boulders    of, 
338,  432,  444,  452. 
Bos  longifrons,  Zll^  378,  401. 
Boulders,  Glacial :  _ 
Actinolite-trap,  454 ; 
Ailsa  Craig  rock,  337.  343,    346, 

390,  420,  425, 431,  441,  462,  453, 

457,  465,  574  : 
Antrim  (])  Chalk,  342  ; 
Arran  Granite,  337,  338,  426 ; 
Borrowdale  Series,  338,  432,  444, 

452; 
Buttermere  Granophyre,  444 ; 
Dhoon  Granite,  332, 360,  367,  444, 

445,  450,  452  ; 
Flint  pebbles,  338; 
Foxdale  Granite,  17,  18,  20,  332, 

360,  367-370,  394, 461,  462,  466- 

468,  469,  470,  472  ; 
Galloway  Granite,  337,  338,  351, 

422,  425,  433,  441,  443-445,  447, 

450,  462,  454,  455,  458,  469,  461, 

565; 
Garabal  Granite  (?),  425  ; 
Garnetiferous  pegmatite,  446 ; 
Gneiss.  335,  426^  444 ; 
Groudle  mica-diorite,  445 ; 
Highland  rocks,  426 ; 
Lake  District  rocks,  337, 338, 432 ; 
Mourne  rocks,  338,  461  ; 
Oatland  Granitite,  360,^370,  462, 

466,  469  ; 
other  local  boulders,  371  ; 
Pitchstone,  Arran,  337,  444  ; 
Queensberry  Grit,  337,  444,  458 ; 
Shap  Granite,  337,  338,  441,  450, 

466  ; 
Southern  Upland  Silurians,  337, 

338, 361, 420,  425.  433. 443,  452  ; 
of  the    extra-Insular  drift,    337, 

394; 
with  marine   incrustations,  341, 

342,  345,  419,  420  ; 
Carboniferous     limestone,     337, 

346: 
as  building  stone,  564-565  ; 
for  lime,  566. 
Boundary  Fault,  Carboniferous,  177, 

182,  193,196,204,206. 
Boundary  Faults  of  Peel  Sandstones, 

263,272,276,277,513. 
Brachiopoda,    Carboniferous,     258, 
259,  288  ;  Peel  Sandstone,  276 ; 
Glacial,  473. 
Bradda  Head,  12,   13,  43,   171,  172. 
368,  461,  478,  482,  537  ;  aspect  ot 
lode  in,  529-530. 
Bradda  Hill,    171-172,  363,  461,  478, 

554. 
Bradda  Mines,  171,  172,  330,  480, 
481,  483,  484.   487,  488,  492,  633, 
638,    656  ;    description,  629-632 ; 
history,  629  ;   minerals  in,  531, 
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572-574 ;  dolerite  dyke  in,  530  ; 
statistics,  530. 
Bradda  Mooar,  415. 
Bradda  West,  371,  461,  537^  554. 
Brady,  G.  S.  {»ee  Jone^s,  Kirby  and 

Brady). 
Braggan   Point,    151,  152,  300,  301, 

445. 
Braid,  311,  454. 
Braid  Foss,  99,  136. 
Braid  ny  Boshen,  158, 
Braid  ny  Scarrag,  157,  454, 
Braust,  432, 433.  436. 
Brecciation-witn-crushing,  249  ;  {see 

also  Crush-conglomerate). 
Brecciation-without-crushing,  249. 
Brecciated  veins,  163,  320,  486,  509, 

510,517. 
Breck-y-Broom,  3^3. 
Brick -clays,  566-567. 
Brickyards,  161,   437,  443,  453,  455, 

457,  458,  566-567. 
Bride  Hills,  5,  344,353-356,371,  372, 

417,429,  431-434. 
Bridlington  glacial  shell-bed,  342. 
Broadway  (Douglas),  153. 
Brockram,    267,  2"1,  284,  285,  286, 

287,  294,  531-584. 
Broken  el  vans  (see  Sheared  El  vans). 
Broken    (ireenstones  {see  Schistose 

(Ireen  stones). 
BroiigKJairg.  437. 
Bucks  Road,  Douglas,  146. 
Budle  Bay,  Northumberland,  256. 
yJuilding  Stone,  153,561-565  ;  Manx 

Slates,  5()2-5().3  ;    I'eel  Siindstoue, 

503  ;    Carboniferous    Limestone, 

5(>3  ;  ( Iranito,  564  ;  Boulders,  565. 
Biilgham   Bay,  12,32,130-131,  299, 

304,  444,  552,  560. 
Burman,  Dr.,  381,  :^82. 
Burnished  quartz-fragments,  140. 
Burntmill  Hill,  153. 
Burrow,  173. 
Burrow  Meanagh,  150. 
Burrow  Mooar,  150. 
liiirrow  Sotljcy,  150. 
Busk,  Prof.,  414. 

CacholonjT,  518. 

Cai^her  Point,  173. 

Ca;n's  Stran<l,  274,441. 

Cairnsmore  Granite  boulders,  337. 

Calc-chlorite  schist  dykes,  149,  150, 
173,  176,  177  298,  {see  aho  Schis- 
tose (Jreenstones). 

Ci\Iciferous  Sandstone  (Scotland), 
265,  2  »3. 

Calf  of  Man,  arcii,  2  ;  hills  of,  9  ; 
clitfs  of,  12,  172,  173  ;  dyke-*,  173, 
308  ;  glacial  striae,  359,  479  ; 
boulders,  368,  472  ;  drifts,  472  ; 
metalliferous  ores,  481,  482. 


Calf  Sound,    172,  173,  174, : 
484,  532. 

Cammall.  447. 

Campbell  Bridge,  167. 

Campbell,  J.  F.,  381,  590. 

Camptonites,  180,  182,  183, 

Cantyre,  393. 

Carl>onic  acid  gas  in  mine 
518. 

Carboniferous  Basin,  south 
shore  line,  12  ;  early  de^c 
16-20  ;  faulting  of,  as  ; 
description  of ,  189-248 ;  coi 
notes  on,  248-251  ;  pahe< 
of,  251-262 ;  water  supp] 
570. 

Carboniferous  '  beach -dep< 
Derbyshire  and  Staffordnl 

Carboniferous  Basement 
glomerate,  21-22,  42  ;  un< 
ityof,  177,  178,  182, 
general  description  of,  1 
detailed  description  of, 
conditions  of  accumuJati 
sections  in,  194-197  ;  in) 
posures.  196-197,  250 
metalli  erous  veins  in,  53< 

Carboniferous  fossils,  20  • 
glomerate,  193 ;  general 
and  list  of,  from  limesto 
262  ;  in  volcanic  series,  2 
237,  252  ;  from  deep  borii 
288. 

Carboniferous  liocks,  of  s 
Island,  187-202  ;  Pe?l  Sar 
263-279  :  in  deep  l>oring^ 
of  Island,  281-28^  291-: 
584. 

Carboniferous  shn^le  from 
analysis  of,  577. 

CJarboniferous  Volcanic  Ri 
21,  189,  210.  216,  217,  2 
junction  witn  Posidonom' 
222-225,  237,  248-249  ;' 
description  of,  225-248  ; 
(Jeikie  on,  229-233  ;  fossil 
235-237,  252  ;  thickness 
limestone  fragments  in, 
234,  235,  239-247  ;  ^ 
ba.salt  in,  231-232,  234, 
248-249  ;  ashy  Irmestone 
237,  248  ;  disturbed  sti 
like  those  in  lk»rrowdal 
237  ;  agglomerate  in,  S 
junction  with  Lower  Li 
242-247  ;  absent  f roi  i  i 
barings, "292 ;  petrograph; 
325-327  ;  analysis  of,  5761 

Canile  Ve?,  140. 

Carnane  liane,  Beinn-y-Phc 

Gamanea,  43.  172,  305,  361, 

Cam  Gerjoil,  41,  159,  160, 
451,  477,  553. 
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Oarrickfergus  salt- field,  289. 
Carrick  Nay,  172,  173,  532. 
Carrick,  The,  (Bay   ny  Carrickev), 
205. 

arrick,  The,   (Ramsey),    123,  135, 

308. 

arthure  Rocks,  17G. 

artwnght's  Glen,  544. 

ass    ny  Hawin,  47,  74,  89,  98,  170, 

182,  189,  193,  199,  200,  205,  250, 

462,  468. 

<.    ass  Strooan,  274,  441,  552. 
Castle  Mona,  90,  446. 
Castle  Rushen,  174, 187,  562,  563. 
Castle  Rushen  Elk,  383. 
Castleton  (Derbyshire),  254. 
Castletown,   189,  206,  257,  358,  371, 

378,   383,    386,  402,  403,  405,  488, 

563. 
Castletown  Bay,  195,  201-203,  208, 

216,  325,  326,  329,  331,  464,  538. 
Castletown  Harbour,  202,  331,  465. 
Castletown  Harbour  Vein,  489,  537. 
Castleward,  456. 
Caunrhenny,  160,  451,  452. 
Cave,     ancient,    at    Con    Shellagh. 

150. 
Central    district,    details    of   solid 

rocks,   146-171  ;     western    coa.st, 

146-151  ;   eastern  coast,    151-155  ; 

interior,  155-171. 

Superficial  deposits  of,  440-460; 
western  coast,  440-443 ;  east- 
ern coast,  443-446 ;  interior, 
447-460. 

Central  Foxdale  Mine  {see  East 
Foxdale  Mine). 

Central  Valley,  The,  general  de- 
scription and  origin  of,  8 ;  details, 
108,  309  ;  glacial  phenomena,  349, 
371,  402:  alluvium  of,  409-412; 
details  ot  drifts,  457-460. 

Cephaloiwda,  Carboniferous.  261, 
262 

Cerussite,  511,  531,  533,  572. 

Cervus  ( Megaceros)  ijiganleus  in 
Isle  of  Man,  376-388. 

Cetacean  rib,  377. 

Chaix  Hills,  Alaska,  398. 

Chaloner,  J.,  408,  481,  529, 588. 

Chamberlin,  T.  C,  362. 

Chalcedony,  517,  529,  572. 

Chalybite,  493,  511,  519,  520,539, 
541,  572. 

Chapel  Bay,  1 76,  303,  466. 

Chara-marls,  376,  377,  379  381,  3H3, 
384-385,  387,  401. 

Chasms  Ute  The  Chasms). 

Chastal  Vooar,  305. 

Cheshire,  glaciation  of,  394. 

Chester  (Michael),  66,  137,  447. 

Chicken  Rock,  12,  173,  304. 


Chleig  Cheeiney  (Chleig-Fheeiney), 
164. 

Chlorite,  300-314,  320,  531, 633,  572. 

Chloritoid,  111.  168,  318,  572. 

Choudrites  i^i/mnnis^  92. 

Chronicon  Manniie,  439. 

Cirripedia,  Glacial,  473. 

Claberry,  179,  180,  181,  300. 

Claghbane,  48,  136,  440. 

Clagh  Guyre,  139, 141,  449,  476. 

Clague,  1).,  591,  593. 

Clague,  Dr.  J.,  207,  386. 

Clarke,  C.  B.,  374. 

Classification  of  Manx  Slates,  1 14, 
1 15 ;  o^  Carboniferous  Limestones, 
187-189,  254-256  ;  of  Peel  Sand- 
stones, 263-272  ;  of  rocks  in  deep 
borings,  291-293  ;  of  Trias  and 
Permian,  285*  of  igneous  rocks, 
296 J  of  glacial  deposits,  334. 

Clay  Head,  12,  31,  34,  46,  86,  161, 
152,  184,  305,  329,  338,  347,  367, 
445,  477. 

Clay-seam  (douk  lode)  in  granite, 

•   510. 

Cleavage  and  allied  structures,  71- 
86 ;  relatioif  to  folding,  86  ;  inde- 
pendent of  bedding.  152,  159. 

Clet  Aldrick,  172,  306,  306. 

Clets,  The,  (Calf  Sound),  173. 

CKffs,  general  characters  of  present, 
11-13  •  preglacial,  6,  12,  14;  of 
Raised-Beach  i)eriod,  5,  402,  418. 

Clitheroe,  254. 

Cloghwilly,  165, 166. 

Close,  59, 103,  105. 

Closeakewin,  439. 

Close-an-Allan,  439. 

Close  Chiani,  457. 

Closechyrrim,  408,  439. 

Close  Mooar,  160,  314,  409. 

Close-ny-Chollagh  Point,  218,  223, 
236,  237,  238,  241,  249,  254,  326, 
331. 

Close  Taggart,  438. 

Close  y  Garey,  376,  383-386,  410, 
413. 

Cluggid,  The,  60,  63,  102,  133,  134, 
550. 

Clyde  Basin  boulders,  337. 

Clyde  (ilacial  shells,  336. 

Cly-na-mona,  469. 

Clypse,  161. 

Clytt,  The,  152,  329. 

Coal-trials  {nee  Search  for  Coal). 

Coarse  grits  in  slates,  164,  182-184. 

Coast-erosion,  general  account,  11- 
14  ;  details,  417,  422,  425,  466. 

Coa.-»t-line,  general  description  of 
11  ;  marine  encroachment  on  {$de 
Coast-erosiop)  ;  pro-glacial  {see 
Preglacial  coa*<t). 

Coa.st.,  detailed  geological   deFcrip- 
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tion  oi,  —  eastern,  solid  rocks,  183- 

131,  151-156,  182-184  ;  drifts.  428- 

431, 443-446, 462-464  ;  —  northern, 

solid  rocks,  281-291:  drifts,    417- 

421  ;  —  southern,  solid  rocks,  173- 

182,    189-248;     drifts,    464-467; 

—  western,   solid  rocks,  120-122, 

146-151,  171-172,  272-277  ;   drifts, 

422-428,  440-443,  460-461. 
Ccelenterata,  of  Carboniferous,  257 ; 

of  Peel  Sandstone,  276. 
Colby,  184,  185,  368,  416,  471,  472, 

532-533,  535, 536. 
Colby  Glen,  306,  472. 
Colby  River,  3,  9,  184, 328,  330,  412, 

413,  465,  470,  533,  553,  570. 
*  Colby  Wash,'  413,   415,   456,  469, 

569  ;  origin  of,  463. 
Colden  Mountain,  8,  61,  68, 157, 158, 

416,  463,  454. 
Colden  River,  167,  168,  477. 
Cole,  Prof.  Q.  A.  J.,  390,  692. 
Collooway,  636. 

Complex  jpreenstone  dykes,  172. 
Complex,  Igneous,  at  Port  e  Mvllin, 

123-124,    319-320  ;    at    Oatland, 

185-186,  320-322. 
Compound      fan  -  structure      {see 

Synclinorium). 
Concealed     strata    of    north      of 

Island,  4,  190 ;  general  account  of, 

280-295  ;    New  Red  Rocks,  291  ; 

Lower   Carboniferous,    292-293: 

problematic  stratigraphy  south  ol 

borings,  293-295 ;  (see  also  Deep 

Borings). 
Conchan    {see  Onchao). 
ConcretioQ  -  structures,   in    Manx 

Slates,  29,  34,  121,   182;   in  Peel 

Sandstones,  274,  275. 
Cone-in-cone    structure,     35,     128, 

182. 
Conister  Rock,  153. 
Conjectural  boundaries  of  southern 

Carboniferous  rocks,  189  ;  of  Peel 

Sandstones,  277;  of  strata  beneath 

northern  plain,  293-293. 
Con  Shellagh,  150. 
Contact-alteration,    in  slates,   106- 

108, 165, 168  ;  in  greenstone  dykes, 

309. 
Contact  of  slate    and   granite,    at 

surface,    106,    142-144,    168;    in 

mines,  509-12,  517-8. 
Contorted  drift  of  Norfolk,  429. 
Contorted  CO  Granite,  143. 
Contouring  of  Ordnance  map,  411. 
Contrary  Head,  12,  79,  146, 148,  302, 

305,  359,  460,  477. 
Conventional  mapping  of  drift,  430- 

431,  459. 
Conybeare,  W.  D.,  and  Phillips,  W., 
187,  188,  264. 


Cooillingill,  8,  111,   112,  1( 

459.  518. 
Cooill,  The,  180. 
Cooil  Roi,  160. 
Coolebegad,  47,  155,  462. 
Copper  ores,  480,  482,  486,  4 

495-8,  611,  619-24,  626,  527 

633,  635j  537-9,  Ml,  54a 
Copper  veins,  126, 129,  171,  1 

178. 
Coppery  fringe  to  ore-bodi 

620. 
Corlett,  J.,  625. 
Corlett,  Rev.,  37a 
Comah  mines,  87,  97. 
Comah  River,  3,  7. 
Comah  valley,  40,  97,  108,  1 

140,361,   363,    450,   624-6: 

561. 
Comelly  Mine,  106,   111,  r 

168,  309,  315,  316,  351,  41 

492,  501,  503,  516-518,  672 
Corrany,  40,  140,  460, 542,  65 
Corrin,  T.,  277. 
Cor  Stackj  125,  314. 
Corstorphme,  N.B.,  374 
Corvalley,  66-67,  437. 
*  Country '  rock  of  lodes,  491 

519,  522,  527. 
Cow  Harbour,  173. 
Craig,  280,  559. 
Craig  Mooar,  48,  64. 
Craig  Rock,  1 20. 
Craine  Bros.,  23,  188,  279-2J 

559, 579-587. 
Cranstal.  280. 
Craven  district,  254. 
Crawyn,  423. 
CVeetown  Bouldei-s,  337. 
Creg,  The  {see  Creg  y  Whuall 
Cregacable,  459. 
Creg  Agneash,  39,  41,  141,  1^ 
Creg  Awhallan  {xee  Creg  y  ' 

lian). 
Creg  Bedn,  134,  361,  362,  3( 

476. 
Cregbeg,  411,  459. 
Creg  Custane,  180,  182. 
Creg  Mill,  197. 
Creggan  Mooar,  49,  99,  137. 
Creggans,  386. 

Creggans  HilL  206,  207,  471,  • 
Creg  Inneen  Thalleyr,  195,  a 
Ci-eg  Kermode,  325,  326,  327, 
Creg  Harlot,  530 
Creg  Malin,  266,  276,  277,  441 
Cregneish,  184,  324,  358,  47a 
Creg  ny  Greeba,  52,  58,  477. 
Cregwine,  464. 

Creg-y-Cowin,  159,  310,  451,  ^ 
Creg  y  Jaghee,  173,  307. 
Creg  y  Whulliam,  111,  168,  5; 
Creg  y  Whuallian,61,  157,  47: 
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Crick,  G.  C,  266,  591,  593. 

Cringle,  169, 

Crogura  Glen,  170,  185,  303,  469. 

Crogga  River,  170,  186,  468. 

CromwelFs  Walk,  232, 237,  238,  239- 
241,  243,  325,  331. 

Cronck  Vane  Mine  (see  Cross'nMine). 

Cronkbane,  137,  305,  547. 

Cronkbourne,  161,  446,457. 

Cronk  Breac,  158,  311,  454. 

Cronkbreck,  404,  422. 

Cronkdarragh,  471. 

Cronkdoo,  453. 

Cronkedooney,  184. 

Cronk  Fedjag,  62,  169,  369,  370,  470, 
477,  478,  563,  556,  560. 

Cronk  Garroo,  451. 

Cronkgarroo,  60. 

C  onk  glass,  439. 

Cronk  Grianagh,  156. 

Cronk  Lheannag,  458. 

Cronkmooar  (Maiew),  207;  (Spanish 
Head;  174,  479  ;  (Bradda)  415. 

Cronk  ny  Arrey  Lhaa,  3,  9,  13,  52, 
150,  164,  167,  316,  330,  347,  369, 
461,  468,  553. 

Cronk-ny-Irey-laa,  429. 

Cronk-ny-mona,  159,  455. 

Cronk  nv  Mucaillyn,  454. 

Cronk  Skibbylt,  1 76. 

Cronk  Sumark,  50,  57-59,  93,  99, 
134,329. 

Cronk  Urleigh,  447. 

Cronk  y  Bing.  422. 

Cronk  y  KeiTl  Abban,  159. 

Cronk  y  Vaare,  41,  146,  476. 

Cronk  y  Voddee,  137,  156. 

Cronk-y- Watch,  216. 

Cronnag,  42,  98,  177. 

Crosby,  158,  168,  309,  311,  315,  349, 
371,  454,  565. 

Crosby  elvan,  168,  315,  565,  575. 

Crosby  Quarries,  168. 

Crossag  Bridge,  2«J6. 

Crossa^s,  136,  440. 

Cross-fissility,  122,  124,  126,  131, 
138,  139,  146,  159. 

Crosses  Mine,  501,  505,  506,  508. 

Cross  Welkin  Hill,  207,  216,  471. 

Crush-conglomerate,  referred  to,  15, 
28,  38,  43,  48,  52,  53  :  general 
description  of,  55-70  ;  Van  Hisc 
on,  66 ;  distribution  of,  58-70 ; 
large  grit-block  in,  59,  104  ; 
thickness  of,  60  ;  folding  in,  62  ;  i 
cleavage  of,  63,  68 ;  intrusions 
in,  63,  65-6,  68-9,  133 ;  quartz 
veins  in,  68-9  ;  conditions  pro- 
ducing, 70  ;  stratigrapbical 
position  of,  70;  petrography  of, 
100-106;  nietaraorphisin  of,  10.')- 
106 ;  fragments  in  104-105  ;  local 
description,   122,   133,    136,     137, 


138,  157,  159,  169,  171,  172  ;  com- 
pared with  brecciation  in  Carboni- 
ferous rocks,  249. 

Crushed  elvans  (se^  Sheared  elvans). 

Crushed  Granite  (see  Schistose 
granite). 

Cnished  greenstone  dykes  (ste 
Schistose  (ireenstones). 

Crustacea,  Carbc^niferous,  257. 

Culbery  (Calf),  173. 

Cultra  (Belfast  Lough),  2()7. 

Cumberland  compared  with  Isle  of 
Man,  fault-system  of,  87  ;  New 
Red  Rocks  of  267,  291  ;  glacial 
deposits  of,  356. 

Cumming,  Rev.  J.  G.,  19-20  ;  on 
Manx  Slates,  25,  43,  89,  166,  173, 
177, 182  ;  on  Carboniferous  rocks, 
188,  189,  191,  193,  19(M99,  201, 
202,  204,  206-210,  212,  214,  216- 
219,  221,  226-228,  244,  249,  250- 
252, 256  ;  on  Peel  Sandstones,  264, 
270-272,  275  ;  on  concealed  strata 
of  the  north,  280,  293  ;  on  (facial 
deposits,  332,  333,  353,  358,  367 
369,  372,  377,  379,  382,  383,  386  ; 
on  Post-glacial  dejwsits,  400,  403, 
405,  408,  409,  411-412,  413-415, 
417,  439,  455,  456,  464-466,  469- 
473  ;  on  mines,  480,  485,  491,  501, 
508,  516,  519,  529,  537,  540,  550, 
559,  560,  564  ;  on  soils,  568  ; 
bibliographv,  588,  589. 

Cumming  Collection  of  Fossils,  193, 
226,  251-253,  256-262,  264. 

Cumming  Collection,  gold  in,  549. 

Curraghs,  The,  general  description 
of,  6  ;  lx>g-wood  in,  16  ;  rocks 
beneath,  280,  295  ;  sujjerficial  de- 
posits of,  353,  372,  373,  375,  378- 
382, 400.  402,  406-409, 43<j,  437-439. 

Cur  ragh  glass  ,411. 

Curragh  I^akes,  ancient,  406-409, 
431,  438,  447. 

Curragh-y-cowle,  432. 

Curwen,  J.  C'.,  558,  570. 

Custom,  Manx,  respecting  quairy- 
inj^,  5(K). 

Cuvier's  OssemenB  FoMilex,  379. 

Dalby,  163,  299,  300,  323,  319,   461, 

548,  553,  569. 
Dalby   Mtn.,  9,   53,  91,     UW,   468, 

5^J5. 
Dalby  Point,  77,  78,  147,  148,  330. 
I^  I^eura  (Dal  Eura  or  Eair>'),  150, 

308. 
Darragh  Mine,  »ee  Ellerslie  Mine. 
Darwin  C,  332,  .5«9. 
Davidson,  T.,  2:)6-2.")9,  589. 
Dawkins,  Prof.  W.  JViyd,  22,  23,  42, 

49,    ISK,    192,    242,  263,   2fM-272, 

273,  2  4, 270,  277, 280,  283-2^6, 289, 
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377,     384,   503,   578.180,  591-59S, 
r.95. 
Dftwson[Sir],  J.  W.,  90-91. 
Deceptive  weatfaered  band  in  drift, 

470. 
Decomposed  gmoite  at  the   Dhoon, 
143  ;  in  Foxdale  mine,  509. 

Decomposed  greenstonea,  p^tro- 
grapny  of,  30G. 

Dwiwtn  posed  slates,  in  Cornab 
Valley,  109,  141 ;  in  Dlioon  Bay, 
130. 

Deip  Birings  on  The  Avre,  26e,  2«9, 
271,  2Sl-2»0,  530,  578r)BG  ;  Lhen 
Mooar  BorinK,  281-283,  4^1,  .WO  ; 
Ballawliane  Boring,  282-284,  HI, 
579  ;  Knock -e-Dooney  Boring, 
284-286,  419-420,  577,  .■)81  ;  Balla- 
genneyBorinK,  286-288,  418-419, 
Ttai ;  Point  of  Ayre  First  Boring, 
288-289,418  578;  Point  of  Ayre 
Second  Boring,  289-290,  340-344, 
r.85. 

Delto-gravela,  U,  374,  407,  410,  411, 
4.')4,  436-439,  454,  4.')9,  462,  472. 

DendrogT^piiu  ^exauttu,  92-94. 

De  lUnce,  C.  S.,  404. 

Derby  Castle  (Douglai),  l.W,  445, 
548. 

Derby  Haven,  182,  192,  194,  199, 
201,  306,  330,  462 ;  reported  dis- 
covery of  coal  at,  558, 

DhmmfRald  win),  1.59. 

Dhoon  (Maughold),  312,  313. 

Dhoon  llay,  13 ),  308,  529. 

Dhiwn  (ilen,  143,  4.W.  .■>28,Vi2. 

Dho,m  (Jrani'.e,  18,  86,  88, 103.  129, 
142-144,  308,  311-314,  320,  492, 
.'i21,  523,  529,  350,  S.lfi,  .''.64,  r>6.-i, 
572,  574 ;  Boulders  {see  Boulders, 
Ulacial.) 

Dhoon  Granite  elvana,  125,128-130, 
144-145,  298,  313-314,  492,  521, 
56G  ;  relation  to  Foxdale  elvans, 
160  ;  in  mines,  521  ;  minerals  in, 
573. 

Dhoon  Mine,  523,  528. 

Dliooliiver,  8,41,411. 

Dhvmane,  126,  .129,  539,  540,  5156. 

Dick,  Allan,  jun.,  36. 

Dickson.  E.,  and  P.  Holland,  22, 228, 
315,  575-576.  591. 

Diclilutiema  (ih'cti/oi/rapli'i)  soet'ile, 
92-93. 

Differential  melting  of  ice-shcL't, 
397,  3!)9,  412. 

Diluvium,  333, 372. 405. 

Direction,  general,  of  ice-mo(ement, 
3iili.  .392,  398  {see  a'm  Cliicial 
Rtrin:). 

Dire-tioii  of  lotlfs,  4«7. 

IfUritct     (A'autilun)    (Omphinntiti, 


Discovery  of  Beckwith's  i 
Disruption    of   dykes,   88 

179-182,  297-298. 
Disturbances  in  Mauz  Slai 

in  Carboniferou;!  vclcai 

222-225,    233-247,  248  2.= 

raingon),  227;inPeelSd 

272-277 ;  in  Uarbonifen 

of  borings,  287. 
Divergence    of    ice -How 

sloped,  394. 
Dix-nrt  .Mine,  50.1-508. 
l>oarlish  Ua^dien.  300. 
Doarliah  Head,  3J!>,  369. 
Dc«Uills,353,429. 
DoUagh  Mooar,  381. 
Dolomite,  (in  lodeaX  ^<2U. 

548,  572. 
Doloraitized  limeatone  19! 

207,      210-212,     216,     2 

weatfaered  to  umber,  55: 
Douglas,  371,  377,  403.  411 

.161,563;  Free  Library, 

water-supply  of,  570. 
Douglas  Bay,  14,  1.53,347 

446,  548,  M9, 
Douglas  Head,  12,  31,  34, 

148,  154,   184,   328,  329, 

478,  544,  5.54. 
Douglas  Head  Mine,  153, 1 
Drainage  system  of  Island 
Drecmbeary,  49. 
Dreem-e-jeeskaig,  131.  30J 
Dreem-e-Lhergy,  136,  4,">0. 
Dreem-Iang,  167,  51.5, 
Dreswick,   178.  180,  182, 

331. 
Drifts  below  »ea-level,  on 

281-290,417-422;  at  Pei 

Port  Erin,  461. 
DronacUy,  N.B...374. 
'  Dry  Gap*'    in    rock,  131 


363-3' 


.  397,   447, 


459,  469. 
Dry  valleys  in  Bride  Hill 


Druidale,  48,  59,  63.  65 

138,449. 
Drynaae  Iron  Mine, 

DhjTnano). 
Dutnliell's  fSfaaft,  La.tey 


40 


519, 


121. 


-earth,'  556. 

Durham,  T.,  408. 

Dwerryhouse,  A.  R.,  593, 

Dykes:  in  Manx  Slates 

/ji.wiHi;  abnormal— at 

V,>    at  Dou^'IiiH  Head 

sombling  NcdiniunU  (I>, 

sheared,  mistaken  for  g: 
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82 ;  of  Carljoniferous  age,  177, 180, 
325 ;  of  Post-Carboniferous  age 
{see  Olivine  -  dolerite  dykes)  ; 
general  description  of,  296 ; 
petrography  of  greenstone  dykes, 
296-311 ;  petrography  of  elvans, 
312-316  ;  of  olivine  -  dolerites, 
328  ;  list  of  olivine  -  dolerites, 
329-331. 
Dymane  {see  Dhyrnane). 

Eairy,  458,  504,  513,  514,  515. 

Eairyjora,  459. 

Eairykellag,  459 

Elairy  Moar.  156. 

Early  geological  maps  of  Island, 
17. 

Early-glacial  conditions  discussed, 
390,  396. 

Earth-movements,  general  succession 
of,  71-72 ;  structures  in  Manx 
Slates  due  to,  55-71,  72-89  ;  petro- 
graphic  results  of,  95-106,  296-300, 
307-308,  316,  318-320 ;  effect  of,  on 
dykes  and  hard  bands,  88-89 ; 
effect  of,  on  Carboniferous  rocks, 
233-251  ;  on  Peel  Sandstones,  271- 
276;  on  rocks  of  deep  borings, 
282-288  ;  lodes  later  than,  488. 

Earybedn,  448. 

East-and-west  lodes,  487,  505,  521, 
535,  544. 

East  Baldwin,  158,  159,  310,  455, 
643. 

East  Baldwin  Mine,  {see  Ohio  Mine.) 

East  Berks.  447. 

East-British  Ice-sheet,  395,  397. 

Eastern  Grits,  other  than  Agneash 
Grits.  46-47. 

East  Foxdale  Mine,  166,  169,  330, 
489,  513-516,  533. 

East  Kimmera^h,  433. 

East  Laxe^  Mme,  526. 

East  Nappin,  409. 

East  Snaefell  Mine,  526. 

East  Yorkshire  drifts,  compared 
with  Manx  drifts,  342^  354,  395, 
397,  421,  426 ;  post-glacial  condi- 
tions in,  408. 

Echinodermata,  Carboniferous,  257. 

Economic  Geology,  480-571 :  Mine- 
ral veins,  48(>-554  ;  Non-metallic 
products,  555-567  ;  Agricultural 
notes,  568  570  ;  Water-supply, 
570-571.  (For  full  details  see 
Table  of  Contents). 

Eden,  Vale  of,  366,  393,  396. 

Edinburgh  Museum,  379. 

Efforts,  early,  to  encourage  minin 
481-482. 

Elby  Point,  148. 

Elfin  Glen  (see  Ballacowle  (Jlen). 

Ellanbane,  439. 


Elian  Vannin  Mine,  544. 
Ellerslie,    169,  411,  412,  459, 563. 
EUerslie  Glen,  311. 
Ellerslie     Mine,     169,     485,     487, 

516. 
Elvans  {see  *  Dhoon  granite  elvans,' 

*  Foxdale    granite    elvans,'    and 

*  Micro-granite  dykes'). 
Encroachment,   marine  {see  Coast- 
erosion). 

Encrusted   (marine)    i>ebbles    from 

drift,  341,  342,  345,  419,  420. 
Ennamona,  452. 
Erinville,  447. 

Etheridge,  R.,  jun.,  220,  265. 
Exocline  (see  Synclinorium). 
Eyreton  Castle,  454. 

FasKOt-fracture,  131,  562. 

Fahlerz  (see  Tetrahedrite). 

Fairchild.  H.,  Le  11.,  36(). 

Falcon  Cliff  (Douglas),  153,  446. 

Falcon  Cliff  Mine,  535,  536. 

Faragher's  Mine,  543. 

Farinhill,  459. 

Faults,  33,  54,  70  ;  general  descrip- 
tion of,  in  slates,  86-88  ;  in  deep 
boring,  283,  294,  580  {see  also 
Boundary  Faults). 

Federerz  {see  Plumosite). 

Felspars  decorajjosed,  effect  of,  509 ; 
as  rock  -  forming  minerals  (list), 
572-574. 

Feltham,  J.,  16,  378,  483,  500,  619, 
529,  588. 

Fheustal,  53,  140,  306. 

Fibrous  actinolite,  556. 

Fibrous  slate,  »it  Spanish  Head,  16, 
174  ;  at  Maughold  Head,  125  ; 
near  Ballaugh,  132  ;  coast  south 
of  Dal  by,  150  ;  on  The  Calf,  173  ; 
ouarries  in,  562. 

Fiddler's  Green,  154,  478,  554. 

Fistard,  76. 

Fissure-veins.  486,  492.  540. 

Flags  and  oanded  slates,  petro- 
graphy of,  96-97  {see  also  *  Lonan 
Flags'  and  *  Niarbyl  Flags'). 

Flamborough  Head,  blown  stones 
at,  405. 

Flappv  Vein,  500,  507,  510. 

Fleshwick,  12,  13,  43,  44,  58,  89,  113, 
171-172,  316,  330,  352,  368,  371, 
461,  472,  478,  536,  537. 

Flexible  slate,  174,  562. 

Flora  and  Fauna,  Manx,  poverty 
of,  401. 

Flukeing  Pool,  202. 

Folding,  of  Manx  Slates,  30-31,  44, 
47,  71-86;  and  cleavage  related, 
8.') ;  general  result  of,  in  slates, 
117-119;  in  Carboniferous  rrKjks 
233-251  ;  in  Peel  Sandstones,  273; 
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in   Carboniferous  deep   borings, 

287-288. 

Fold  Point,  173. 

Foord,  Dr.  A.  H.,  and  Q.  C.  Crick, 
256,  261-262,  591,  593. 

Footprints,  supposed,  in  Manx 
Slates,  21,  35,  90,  151. 

Foraminifera,  glacial,  473. 

Fort  Anne,  461,  544. 

Forbes,  D.,  501,  549,  590. 

Forbes,  Prof.  K,  19,  382,  409,  473, 
558,  589. 

Fossils  of  Manx  Slates,  89-95;  of 
Carboniferous  rocks  of  south 
of  Island,  193,  198,  203-204, 
208-209,  214,  251-262;  Dr.  W. 
Hind  on,  254-256 ;  list  of,  256- 
262  ;  from  deep  borings,  284,  286, 
288  :  of  Peel  Sandstones,  269, 276  : 
of  Cflacial  deposits,  420,  473-475  '; 
of  late-glacial  and  post-glacial 
deposits,  374,  376,  385. 

Foster,  Dr.  C.  Le  Neve,  503,  527, 
591,  593. 

Foxdale,  315,  316,  368-370,  458,  459, 
468,  477,500-545,552. 

Foxdale  basin,  52,  164,  458. 

Foxdale  Elvans,  details,  133,  139, 
150,  151,  157,  158,  164-168.  171, 
298-299 ;  relation  to  Dhoon  elvans, 
160  ;  petrography  of,  314-316 ;  al- 
tered, 111,  158,  318  ;  in  mines,  510, 
512,  516-518. 

Foxdale  Granite,  18,  45,  86,  88,  107, 
165-168,  309,  311,  314-316,  320, 
492,  505-512,  549,557,  564,  572; 
boulders  (*S'ee  Boulders,  Gla- 
cial). 

Foxdale  lode,  164,  483,  486,  500-504, 
546,  548. 

Foxdale  Mines,  107,  166,  315,  483, 
484,  491,  493 ;  description  of^  500- 
516;  history  of,  500;  statistics, 
512 ;  minerals,  572-574. 

Foxdale  River,  3,  10,  315,  349,  350, 
410,  411,  500. 

Frecheville,  R.  J.,  555. 

*  Frill-structure '  in  slates,  80,  81, 
170. 

Fullers-earth,  425,  428,  447,  556. 

Fusns  Fabrici  {see  Trophon), 

Fusus  Forhesi,  336,  475. 

Fusus  cf.  l(>7i(/'ro8te7%  336,  475. 

Gain  of  land,  wi'ongly  supposed,  at 

The  Ay  re.  5,  403,  417. 
Galena,  iriaescent,  517-518,  573  {see 

also  Lead-ores). 
Galloway    Granite    boulders     {see 

Boulders,  Glacial). 
Gansey  Point,  176. 
Garey  Mooar,  169,  330,  553,  556. 
Gamer,  R.,  590. 


Garnet,  61,    97,  108,  110-11 
146,  158,  315,  57a 

Gamet^homfels,  310. 

Gametiferoos  mica-sclust  in 
107,  110,  111-114,  164,  16a 

Garraghan,  8,  51,  157. 

Garth,  167,  311,  361,  459,  515. 

Garth  Trial,  615-6. 

Garwick,  34,  151,  152,  161,  31 
445,55a 

Garwood,  E.  J.,  352. 

Gasking,  Rev.  S.,  591,692. 

Gasteropoda,  Carboniferous, 
261,  474  ;  Glacial,  474-475. 

Gateham,  254. 

Gawne,  J.  M.,  386. 

Geaylin  ny  Cregyn,  169. 

Geikie,  Sir  A.,  on  situat 
Island,  1;  on  Scarlet  V( 
Series,  24,  188,  229-233,  2 
326;  other  references,  36 
692,  593, 594. 

Geikie,  Prof.  J.,  387,  389,  591 

George,  I.  K,  691. 

Ghaws.  14,  17a 

Ghaw  Dhoo,  171,  554. 

Ghaw  Gorta^  212,  216,  22 
331. 

Ghaw  Lang,  472. 

Ghaw  Yiam,  173. 

Gibbdale  Bay,  173,  472. 

Gibdale,  469. 

Gilbertson,  W.,  589. 

Gill,  Deemster,  13. 

Glacial  deposits,  early  descri 
of,  18-20  ;  in  deep  borings 
290,  337,  340-345,  418-421, 
587  ;  historical  account, 
composition,  333  ;  insula 
334  ;  extra-insular  drift, 
345  ;  fossils,  335-337, 34 
420,425,428,429,431,  457 
473-475  ;  pebbles  with  r 
encrustation,    341,  342,  34^ 

420  ^     greatest  thickness, 
relations    between    extra-i 
and  insular.    345-362  ;   higl 
extra  -  insular      drifts      35 
458,    459  ;      glacial    striae 
below)  ;    topographical    fea 
353-358 ;    compared    with 
Yorkshire     drifts,     364, 39i 

421  ;    dry  rock  channels, 
366    {see  also  Dry  Gaps)  ; 
boulders  in,     367-371     («« 
Boulders)  ;     late-glacial 
gravels,     371-377    (see  also 
glacial    flood-gravels) ;     th< 
cal  conclusions,     389-399  : 
mary  of,    398-399  ;    detada 
472  ;     difficulties    in     mai 
430-431,        455   ;        agricu 
characters  of,  668-669. 
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Oladal  lakes,  431,  432,  434-436,  438, 
471. 

Glacial  period  probably  uninter- 
rupted, 370. 

Glacial  shells,  (figured)  336;  341,419, 
420,421,  425,  428,  429,   431,    457, 

464,  fli  t  of)  473,  475  ;  age  of,  dis- 
cussed, 389. 

Glacial  striae,  350,  358-363,  391, 
392,  394,  443,  444,  445,  449,  451, 
453,  454,  455,  458,  459,  460,  461, 

465,  466,   471,   472,  (list   of)  476- 
479. 

Glaciated  quartz- veins,  134, 359, 361, 

362,  449. 
Glauch  (mining),  502. 
Glebe  Mine,  Maughold,  540. 
Glass  River,  3,  8,  41,  157,  158,  161, 

318,  371,  411,  446,  454,  543,  546, 

570. 
Glass  valley,  lower  part,  161,  456. 
Glen  Agneash,  15, 141,  142,  144,  302, 

451. 
Olenaspet.  163,  562,  560. 
Glen  Auldyn,  3,  7,  48,  52,  65,  66,  99, 

135,  302,  307,  329,  352,  372,  397, 

408,  439,  449,  644,  646,  651,  560, 

661. 
Glen  Auldyn  Mines,  489,  546. 
Glen  Balleira,  425,  426,  427. 
Glen  Beg,  121. 
Glenchass   Mine,  176,  484,  536-637, 

572,  573. 
Glencherry  Mine,  40,  525. 
Glen  Crammag,  65,    138-139,   317, 

416,  449,  545. 
Glen  Crammag  Trial,  545. 
Glen  Crinn,  136,  307. 
Glen  Crutchery,  153,  446. 
Glen  (Glion)  Darragh  (Ballacurey), 

9,  111,  112,  164,  165,  168,  316,  351, 

458,  469,  616. 
Glen  Dhoo  (Ballaugh),  8,  48,  81,  100, 

101,    131-132,   352,   372,   373,375, 

397,  407,  437,  438,  448,  476. 
Glen  Dhoo  (Glen  Rushen),  98. 
Glendhoo  (Onchan),  159. 
Glendhoo  Farm  (Foxdale),  309. 
Glen  Doo,  468. 
Glen  Drink,  451. 
Glcnduff,  439. 
Glenfaba,  263,    277-279,  383,    409, 

410,  467. 
Glenfaba  Trial,  545. 
Glenfoss  Level,  628 
Glen  Gawne,  152,  161,  317,446,  462, 

553. 
Glen  Grenaugh,  185,  468. 
Glen  Helen,  8,  49,  53,  166,  167,  3Q6, 

463,  647,  650,  660. 
Glen   Meay,   10,  148,  163,  300,  349, 

410,458, 460-461,  468,  546,  552, 560. 
Glen  Meay  Mine,  645. 


Glen  Mooar    (Michael),  8, 136,  137, 

349,    366,    428,     440,    447,    453; 

(Patrick)    10,    468  ;  (Sulby)  64  ; 

(Laxey)   141,  144,  619;   (Dalby) 

149  :  (St.  Johns)  166,  349,  386. 
Glen  Roy,  144,  169,  160,  314,  461, 

528  563. 
Glen  Roy  Mine,  160,  628. 
Glen  Rushen,  3,  10,  48,  53,  163,  164 

349,  369,  468,  601,  504,  646,  653, 

560-561,  571. 
Glen  Rushen  and  Niarbyl  Trials, 

149,  646. 
Glen  Shoggle,  132,  448,  551. 
Glentramman,  53,  60,  65,  135,  439. 
Glen  Trunk,  426,  447. 
Glenville,  466. 
Glen    Wyllin,   8,  137-138,  364-366, 

374,  427,  447,  473,  656. 

Glion  Broigh,  440.  462. 
Glion     Cam  (Arbory),    470,    653  ; 
(Michael)  136,  137,  440,  462. 

Glion  Cannell,  137,  647. 
Glion  Feeagh,  169. 
GHon  Gill,  157. 

Glion  Kiark,  138,  447, 661,  660. 
Glion  Maarliagh,  653. 
Glion  Mooar,  461. 
Glionne  Killey,  439. 
Glion  ny  Goayr,  99. 
Glion  Ruy,  141, 142,  623. 
Glion  Shellan,  348,  440,  462. 
Glion  Thoar,  121,  348. 
Goayr,  The,  182,  300, 330. 
Gob  Ago,  124,  549. 
Gob  Breac,  149. 
Gk)b-na-geay,  159. 
Gob  ny  Beinn,  330. 
Gob  ny  Cally,  128. 
Gob   ny  Creggan    Glassey,  67,  94, 
121,  348,  428,  440. 

Gob  Lhiack,  184 

Gob  ny  Gameren,  663. 

Gob  ny  Garvain,  127,  303,  444,  476. 

Gob  ny  Garvain,  *  Iron  Mine,'  near, 

641,  562. 
Gob  ny  Rona  (see  Tableland  Point). 
Gob  ny  Skey,  1 25,  314. 
Gob  ny  Stowell,  152, 446. 
Gob  ny  Strona,  126,  648. 
Gob  y  Creggagh,  159. 
Gob  y  Deigan,  67,  121,   122,  306, 

440. 
Gk)byn  Ushtey,  58,  149,  462. 
Gob  yn  Ow,  96,  129. 
Gob  y  Skeddan,  62,  122 
Gob  y  Volley,  6,  76,  94,  99,  132,  40 

438,  662. 
Gknldard-Crovan's  Stone,  469. 
Gold,   153,   480,   602,  648.  649-660 

673. 
Qold  trials,  163,  548,  549-560. 
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GhmiatiUs    Henstowi,    {see    Prole- 
canites  conij/reuM). 

Goodchild,  J.  G.,  389,  394,  396,  489- 
490. 

Gordon,  458,  552. 

Gordon,  Mrs.  M.  Ogilvie-,  234,  594. 

Granjcee,  328. 

Gi-aiiites,  eflfect  of.  on  cleavage, 
86 ;  effect  of,  on  lodes,  492  ;  in 
Comell>  Mine,  111-112,165,517- 
518  •  in  Foxdale  Mines,  502-511 ; 
doubtful  occurrence  in  Eiast  Fox- 
dale  Mine,  515  ;  {see  aiso '  Foxdale 
Granite;  *  Dhoon  Granite,'  *  Oat 
land  Granite,'  and  'Boulders, 
Glacial.') 

Granite  Bould'^rs,  Foxdale,  on  South 
Barrule.  17,  18,  20,  367-370,  468- 
470;  Dhoon,  332,  360,  367,  444, 
445,  450-452  (see  also  Boulders, 
GlaciaH ;  extra-insular  {see  Boul- 
ders, Glacial). 

Granitic  rocks,  petrography  of,  31 1- 
323. 

Granite  Mountain,  165,  166,  469, 
477,  500,  553. 

Graphite,    113,    153,   526,   548,   550, 

O  / .'). 

Graphitic  slate,  134. 
Graptolites,  89,  93-94,  99. 
Gravel -fans  {nee  *  Delta  Gravels '). 
Gravel-platforms,   353-358,  434-437. 

471-472     {see     also  *  Late-glacial 

Flood-gravels,'  'High-level  G  ravel - 

terraces,'  and  '  Overwash-plains '). 
Great  l^kst  Foxdale  Mine,  see  Ellers- 

lie  Mine. 
Great   .Mona    Mine,    see    Ballaglass 

Mine. 
Greeba,  309,  350,  409,  411,  454. 
Greeba  gap,  8,  9,  349,  371,  410,  411, 

4r)9. 
Greeba  Glen,  454. 
Greeba  Mountain,  8,  51,  94,  97,  111, 

l-)7,   158,   164,   318,   454,  477,  560, 


57-2. 


Greeba  Kiver,  9, 164,  459. 

Greenland,  glacial  phenomena  of, 
3:)2,  358,  391,  394. 

Greenly,  E.,  270,  393. 

Greenstone  dykes,  later  than  brec- 
ciation  of  slates,  6ft-69  ;  crushing 
of,  HO,  1:>1,  122,  123,  149,  162  {see 
ah  i  Schistose  Greenstones)  ; 
cleavage  of,  85  ;  abnormal  strike 
of,  1l>1,  127,  152,  153,  184  ;  more 
numerous  in  slat-^.s  than  in  harder 
rocks,  131  ;  comparative  rarity  of, 
in  interior,  18(j ;  complex  dykes, 
172  ;  near  Dhoon  Granite,  127-131; 
near  Foxdale  Granite,  1(18  ; 
petrography  of,  290-311 ;  analyses 
of,  3')S,  576;   in  mines,  521,  527, 


528,  536,  54^  ;  as  readme 

Green  Slates,  121,  123,  139, 

Gregory,  J.  W.,  352. 

Greisen,  166,  320. 

Grenaby,  470. 

Grenea,  177. 

Greyney  Mooar,  185. 

Grindley.  T.,  90,  92,  590,  59] 

Grits  in  Manx  Slates,  easte 
46-47,  161,  184;  west  t 
axis,  47-49,  136-138,  149-1 
fine  and  coarse,  petrograpl 
99  (see  also  Agneash  Grits] 

Groudle  Glen,  161,  452. 

Groudle  River,  160-161,  452, 

Gryphcea  tncurra,  reportec 
rence  in  drift,  455. 

Gub  ny  Traie  Ruy,  171,  33C 

Gulleti  14,  178. 

Gullet  Buigh,  179,  180. 

Gullet  Creagh  Moainee,  181 

Gullet  ny  Guiy,  300,  302. 

Qylcaugh,  436. 

Gypsum,  288-290,  573,  578,  i 

Hade  of  lodes,  486. 
Hailes  (N.B.),  374. 
Haime,  J.  (see  Milne-Edwa 

Haime). 
Halfway  Rocks,  172,  305. 
Hango  Broogh  (Langoess), 

303. 
Hango  Hill,  4G4-465. 
Hard'bands,  metamorphic  < 

109,  139. 
Hardraw  Scar  Limestone,  2 
Harker,  A.,  166,  237.  315,  32 
Harkness,    Prof.     R.,    and 

Nicholson,    21,  25,  34,  8; 

135,  148,  163,  267,  590. 
Harrison,  Rev.   S.  N.,  433,  ^ 

475,  592,  593,  594,  595. 
Harrison,  W.  J.,  591. 
Haviland,  A.,  591,  592. 
Hematite  (veinsX  125,  126, 1 

152,  291,  539-541,  573  ;  su 

Triassic  overlap,  12.%  291, 
Henslow,  Rev.  J.  S.,  18,  2 

68,  82,  143,  165,  167,  176.  : 

196,  210,  225,  244,  264,  3 

378-380,    382,   400,  402,  • 

588. 
Hessle  Clav,  resemblance  t 

clay  of  Manx  drifts,  426. 
Hewitt,  W.,  361,  465,  466,  5! 
Hey  wood,  P.  J.,  483. 
Hibbert,  Dr.  S.,  379,  381 -: 

408,  588,  589. 
High-level  beaches,,  absence 
High-level  extra-insular  di 

351,  458-459. 
High-level  gravel-terraces, 

410,411,  412,  422,  423, 
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460»  456,  458,  471  {see  also  Late- 

gla  cial  Flood-grav  els). 
Hightx)n,  455,  566. 
Hill-peat,  415-416,  449,  453. 
Hilton  Beck  (Vale  of  Eden),  267. 
Hind,  Dr.  W.,  198,  252,  254-262,  593. 
Hoanes,  451. 
Hobson   B.,  22,   156,  176,  181,    188, 

228,  230,  241,  242,  244,  247,    299, 

315,   320,  325,  326,  328,  331,  574, 

575-576,  592,  594. 
Hodgson's,    Faragher's    or    Louisa 

Mine,  513. 
Holdemess,  compared  with  Northern 

Plain,    6 ;   marine  encroachment 

in,  13;  glacial  deposits,  342,  354 
Holland  P.  {see  Dickson  &  Holland). 
Hollows  like  *  Kettle-holes,'  375, 383, 

432,  438,  458. 
Holmes  T.  V.,  404, 420. 
Hone-slate,  563  (note). 
Home  [Dr.]  J.,  21,  26,  188,  219-220, 

221,  228,  244,  265,  269,  333,   347, 

389,  428,  465,  466,  470,  590. 

Hornblende  (in  lode),  517,  573. 

Hornblende      Mica-traps,      petro- 
graphy of,  302. 

Horse,  remains  of,  378,  384,  401. 

Horse  Leap,  155. 

Horse  Gullet,  178,  180. 

Horse  Rock,  The,  175,  298. 

Hot-springs,  action  of,  109. 

Howe,  J.  A.,  236,  253. 

Howstrake,  479. 

Howorth  [Sir],  H.  H.,  21,  333,  590. 

Hoxne,  387. 

Hunt,  R.,  591. 

Hutchings,  W.  M.,  577,  593. 

Iceland,  rivers  of,  406. 

Imported  Building-stone,  561  (note). 

Inactivity,      present,      of       Manx 

streams,  10,  405-406. 
Injaign,  160. 

Injebreck,  51,  157,  158,310,  319. 
Injebreck  Hill,  455. 
Injebreck  Mine,  157,  546. 
Injebreck  River,  157,  454,  455. 
Inter-glacial    period,  no    proof  of, 

390,  399  ;  deceptive  evidence  for, 
470. 

Intersecting  .dykes,    124,  126,    128, 

130. 
Intra-formational      Conglomerate?, 

270. 
Intrusive    junction,    apparent,    of 

quartzite  and  slates,  46,  56, 71, 137, 

182. 
Ippney,  176. 

Ireland,  raised-beach  in,  404. 
Irish    Cambrian    rocks,  compared 

with  Manx  Slates,  116. 


Irish  Elk,  at  Ballaugh,  18-19,  370- 
388,  438 ;  at  St.  John's,  378,  383- 
386;  at  Strandhall,  386,414;  in 
Ireland,  386,  388  ;  near  Castle- 
town, 386  ;  at  Ballalheaney,  386. 
436  ;  at  Kentraugh,  386  ;  C.  Reid 
on,  387,  388 ;  period  of,  389,  397, 
399. 

Irish  Sea  Basin,  contour-map  of, 
2  ;  map  showing  glaciation,  392. 

Iron  ores,  480,  482,  484,  486,  493, 
496-498,  539-541. 

Iron-pyrites,  (at  Bradda)  529,  573. 

Iron  Spout  Mine,  536. 

Isle  of  Man,  anticjuity  of,  1 ;  general 
description  of,  1 ;  depth  of  sea 
surrounding,  2 ;  shape  of,  3 ; 
detailed  description  of  features, 
5  ;  late  -  tertiary  elevation  of,  7  : 
persistence  of,  15 ;  geological 
literature  of,  16-24 ;  early  geologi- 
cal maps,  17  •  search  for  coal  m, 
23,  557-559  ;  sketch  map  of,  show 
ing  cleavage,  altered  slates,  crush- 
conglomerate,  and  granite  intru- 
sions, 84  ;  dyke-rocks  of,  296-324  ; 
as  a  glaciometer,  332  ;  sketch-map 
of,  showing  glacial  striaj,  etc.,  360 ; 
the  Irish  elk  in,  377-388;  direc- 
tion of  ice-flow  around  (map), 
392  ;  poverty  of  existing  flora  and 
fauna,  401 ;  old  mai»s  of,  408 ; 
mineral  wealth,  480-498;  mines, 
499-554  ;  gold  in,  549  ;  agriculture 
in,  568  ;  water  -  supply,  570 ;  list 
of  minerals,  572-574. 

Isle  of  Man  Antimony  Mining 
Co.,  546. 

Isle  of  Man  Coal  Co.,  Ltd.,  559. 

Ivernian  ice-sheet,  395. 

Jameson,  Prof.,  379. 
Jeffcott,  J.  M.,  386,  414,  592. 
Jenkinson's    Guide  to  I.    of  Man, 

590. 
Johneois,  432. 
Jones,   Prof.  T.    R.,  J.  W.  Kirby, 

and  G.  S.  Brady,  256-257, 590. 
Jowett,  A.,  366. 
Jurby,  353,  356.   372,  373,  377,  402, 

422,   434  ;    loss  of  land   at,   13, 

422. 
Jurby  Head,  422,  423. 
Jurby  Platform,  434-436. 

Kallow  Point,  205. 
Keeill  Pharick,  67. 
Keeill  Vael,  216. 
Kemp,  Dr.,  464. 
Kendal  Fell,  255. 
Kendall,  J.  D.,  280,  591. 
Kendall,    P.  F.,  22,  333,    335,  337, 
347,  352,  358,   359,  361,  366,  367- 


610 


Ihdbx. 


369,  389,  390,  394,  401,  421,  422, 

425,  427,  428,  430,  437,  443,  444, 

461,  458,  461,    465.  466,  473-475, 

477,  572,  592,  593. 
Kennaa,  164,  459. 
KentrauRh,  42,  177,  204,  206,  307, 

331,  371,  386,  405,  465,  471,  479. 
Keristal,  98,  155, 460,  463. 
Kermode,  P.  M.  C,  24,  375-379,  381, 

383-386,  430,  592,  594,  595. 
Kerroodhoo,  468. 
Kerroomoar,  59,  105,  134,  3a5,  328, 

329,  439,  546. 
Kerroomooar  Mine,  489,  546. 
Kerrow^rroo,  52,  164,  557. 
Kersantites,  302. 
Kewaigue,  459. 

Kewish,  Mr.,  the  ingenious  black- 
smith, 379. 
Kewley,  J.,  527,  531. 
Killabr^gah,  64,  133,  448. 
Killane  River,  407,  408,  423,  438. 
Killip,  Mr.,  520. 
Kinahan,  G.  H.,  293,  398,  404. 
Kinahan,  J.  R.,  398. 
King  William's  College,  Museum  of, 

251,  264,  378,  464,  549. 
Kione  Beg,  171, 173. 
Kione  Halby,  308. 
Kione  Rauyr,  173. 
Kione  Meanagh,  171. 
Kioney  Ohoggan,  43,  174-176,  298, 

302,  304,  466. 
Kionehenin,  106,  107,  143. 
Kionlough,  339,  429. 
Kirby,  459. 
Kirby,  J.  VV.,  see  Jones,  Kirby,  and 

Brady. 
Kircudbrightshire,  265,  293. 
Kirk  Andreais   295,  353,  356,  372, 

386,  408,  432,  435,  436. 
Kirk  Bride,  353,  364,  356,  357,  358. 
Kirkill,  171. 
Kirk  Michael,  48,  66,  136,  348,  364, 

374,  397,   402,  420-428,  447  ;   loss 

of  land  at,  13,  425,  428. 
Kirk  Michael  Lead  Mine,  547. 
Kirk  Patrick,    162,   305,    349,   458, 

410. 
Kitterland,  172,  466. 
Kitto,  F.,  532. 
Kitto,  J.,  505,  509,  520,  649. 
Kitto,   \V.   H;;  503,    509,    517,   518, 

595. 
Kneaje,  W.,  4-23. 

*  Knobby-side '  structure,  75,  278. 
Knockafoe  Mooar,  148,  460. 
Knock-e-Dooney,  372^  431,  581. 
Knock-e-dooney   Boring,    269,  284- 

286.  419,  581-582. 
Knock -e-Nean,  372,  432. 
Knockrushen,    202,   207,    216,  217, 
331. 


Knocksharry,  48,  99,  137, 15i 
*  Knoll  -  structure,'     203,    : 
221-222,  225,  226,    235,  2 
Dr.  W.  Hind  on,  265. 
Knott,  M.,  500,  601,  560 
Kupfer-nickel,  536,  573. 
Kylley  River,  461. 

Lady  Port,  121,  440. 
Lagagh  Mooar,  338,  372,  4C 

435,  440,  458. 
Laggan  Agneash,  145,  476. 
Lag  ny  Keeilley,  150. 
Lag  ny  Traagh,  461. 
La^  River,  149,  461,  548. 
Lake  Andreas,  372-373,  39 

435. 

Lake   district.  Red  rocks  < 

269,  291  ;  glacial  phenom 

391,   393,  394  (see  aUo  'S 

Slate&'     '  Borrowdale     \ 

rocks,  and  '  Boulders,  glac 

Lake  Mirescogh,  408,  409,  43 

Lake  Myreshaw    (see  Lake 

scogh). 
Lakes,  glacial,    366,    371-37 
399,   408,   409,  434-440,  4 
472. 
Lambfell  Mooar,  453,  477,  M 
Lamb  Hill,  358,  433. 
Lamellibranchiata,    Carbon 

259,  260  ;  Glacial,  473. 

Lancai^hire,  glaciation  of,  39: 

Langness,  97,   177-182,  190-1: 

250,  296,  299,  300,    325,  .1 

405,  464,  488,  538,  539,  549 

Langness   Minas  177,  178,  II 

488,  534,  537-539,  572. 
Langne-ss  Point,  178,  189,  1£ 

307,  331,  539. 
Late-glacial    conditions    dii 

396-399. 

Late-glacial  flood -gravels,    T 

377,    406,    407,   410-412,   4 

438,  444,   447,  451,  453,  Al 

{see     also    '  High-level     ( 

terraces,*  and  '  Delta-Grave 

Laurel  Bank,  453,  547. 

Laurel  Bank  and  Whdd  ^ 

547. 
Laurel  Mount,  135,  306. 
Laurentide  Ice-sheet,  conditi 

accumulation  of,  395. 
Law,  R.,  252,  256-202. 
Laxey,  34,  85,  90,   151,160,  4( 

519-523. 
Laxey  Bay,  151,  347,  307,  44i 
Laxey  Glen,   144-140,  151,  41 

523,  527,  528,  552. 
Laxey  Head,  151,  445. 
Laxey  Lode,  483,  486,  519-62; 
coincide  with  valley,  16, 1 
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Laxey  Mines,  references  to,  33,  87, 
96,  116,  142,  314,  483, 484,  487, 491- 
494,  503,  505  ;  general  description, 
519-524  ;  history,  519  ;  minerals, 
520,    572-574   ;    age,  521  ;  dykes, 

521  ;   slides,  521 ;    country  rock, 

522  ;  statistics,  523 

Laxey  River,  3,  7,  145,  449,  526,  527. 

Laxey  Valley,  41,  145,  160,  450,  451, 
476. 

Leach,  Dr.,  379. 

Lead  ores,  480,  482,  486,  488,  493- 
498,  517,  500-54a 

Lead-veins  in  Manx  Slates,  491, 
500-548  ;  in  granite,  491,  502-503, 
509-512  ;  in  limestone,  Castle- 
town, 202. 

Lean,  Capt.,  509. 

Lepidurus  {Apus)  glaciaiis,  374,  375 
376,  388. 

Lewis,  H.  Carvill,  389, 593. 

Lezayre,  306,  408,  439. 

Lezayre  Curragh,  439. 

Lhargee  Ruy,  58,  157,  306,  453. 

Lhiattee  ny  Beinnee,  43,  478,  479. 

Lheeah  Rio,  202,  203,  247,  326,  327, 
331. 

Lhen,  The,  5,  7,  373,  404,  407,  408. 
421j  431,  434-436,  580  ;  artificial 
drainage  of,  435. 

Lhen  Boring,  281,  421,  580. 
Lhergey    Farm    (Port     Soderick), 

303. 
Lhergydho,  155,  156,  272,  317,  457. 
Lhergydho  Trap,  317. 
Lhergyrhenny,  139. 
Lhiannag,  121,  440. 
Lhingague,  184. 

Lhoob  ny  Charran,  171,  330,  537. 
Lhoob  y  Reeast,  270,   273,   274-276, 

441. 

Lime  (as  economic  product),  566. 

Lindgren,  W.,  491. 

Lingula,  supposed  in  Manx  Slates, 
90. 

List,^ofCarboniferou8fossils,257-266: 
of  described  mines.  499  ;  of  glacial 
shells,  473-475  ;  ot  glacial  striiB, 
476-479  ;  of  Manx  geological  litera- 
ture, 589  595  j  of  minerals,  572- 
574 ;  of  olivine-dolerite  dykes, 
329-331  ;  of  undescribed  mines 
and  trials,  551-554. 

Little  London,  453. 

Little  Ness,  155,  329,  462. 

Little  Sulby  River,  159,  455,  456, 
542.  "* 

Local  boulder-streams,  360,  367, 451, 
454,  468  {see  also  'Boulders, 
Glacial  \ 

*  Lochs*  (miningX  486  (see  also 
Vughs). 


Loch  Skillicore,  194,  199,  200.  201, 
330. 

Lode- fissures,  general  description  of, 
486 ;  direction,  487  ;  age  of,  488- 
491  ;  country-rock  of,  491  ;  richest 
in  firm  rocks,  492  ;  association  of 
ores  in,  493 ;  details  of,    500-554. 

Lode-minerals,  list  of,  572-574. 

Loghan  ny  Maidjey,  426. 

Lomas,  J.,  390,  595. 

Lonan  Church,  451. 

Lonan  Flags,  4,  12,  15,  30  ;  ^neral 
description  of,  31-35 ;  thickness 
of,  33,  116  ;  structure  of,  33 :  grits 
in,  46-47  ;  ^^relatiou  to  cru^h-con- 
glomerato,  70  ;  folding  and 
cleavage  in,  85  ;  petrogra[)liy,  96 ; 
metamorphism  of,  bjr  granite,  106- 
107  ;  local  descriptions  of,  126- 
131,  140-146,  151-155,  157,  159, 
160,  170-171, 178, 182-185  ;  ar  thra- 
cite  in,  520  ;  in  relation  to  mining, 
492,  519,  522,  544,  560  ;  as  build- 
ing stone,  562-563. 

Lo^ghan,  434. 

Loughan  Ruy,  375,  378,  382,  386, 

Lough  Cranstal,  418,  429,  433. 

Lou^hcroute,  434. 

Louis,  H.,  593. 

Lo^das,  436. 

Lower  Carboniferous  rocks  in  deep 
borings,  282-288,  292-225,  580, 
582,  584. 

Lower  (or  Castletown)  Limestone, 
189 ;  general  description  of,  198 
199  ;  details,  199-207  ;  character- 
istic fossils  of,  198 ;  flexures  in, 
199,  202;  dolomitization  of,  199, 
201,  202  ;  lumpy  bedding  of,  199, 
204,  205.  206  ;  sections  in,  200-201, 
205  ;  inland  exposures^  205-207  ; 
relation  to  Po^Mvash  Limestone, 
217,  250;  relation  to  Volcanic 
series,  242-247,  248-249:  Dr.  W. 
Hind  on  fossils  of,  255  ;  tossil-list, 
257-262;  glacial  striaj  on,  206, 
358,  465,  466;  uml^r  in,  206,  555; 
as  a  building  stone,  etc,  563-564, 
565,  566. 

Low-level  drifts,  details,  of  north, 
417-440  ;  of  south,  470-472. 

Luce  Bay,  338. 

Mackie,  S.  J.,  90 

Maddrell's  Bridge,  207. 

Macculloch,  Dr.  J.,  18,  25,  82,  174, 
187,  188,  196,  209,  214,  224,  225, 
264,276,  332, 405,  455,  555,  558,562, 
519,  530,  632,  536,  655,  558,  562, 
563,  669, 688. 

Magee's  Vein,  491,  501,  607,  510, 
512. 
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Ma>?herl)aiie,  1G3. 

Magher-e-breck,   40,  97,  140,  r;41. 

Malachite,  531,  573. 

Malar  Ix>ugh,  408,  409. 

Malaspina  Glacier,  358,  398,  404. 

Malew,  368,  555. 

Mammoth  (?)  at  Jurby,  377,  423. 

Mangane»se,  501. 

Manganese  SjMir,  526,  573. 

Manx  Silver-lead   Mining  Co.,  544. 

Manx  Slates,  4,  12  ;  shore-line,  11- 
13  ;  their  durability  in  coast,  14  ; 
Hub-aerial  weathering  of,  15  ;  early 
descriptions,  18-20,  25  ;  general 
description  of,  25-119  ;  the  name 
l)roposed,  27 ;  marine  origin  of, 
29 ;  imucity  of  lime  in.  20,  36 ; 
difficulties  in  mapping,  29,  39,  54, 
86, 150  ;  Hmseparated' rocks  in,  30, 
34, 41,  50,  54  r  worm-tracks'  in,  34, 
50,  89-94,  149,  151  ;  nodule^s  in, 
34,  96, 121, 123,  128,  129, 149, 151  ; 
cnish -conglomerate  in,  38,  43,  55- 
70,  100-106  ;  volcanic  material  in, 
38,  99,  323-324  ;  coarse  grits  in,  46, 
97-99  ;  abnormal  dijis  in,  52,  129, 
132,  J  37,  144,  163,  166;  effect  of 
Dhoon  Granite  on  arrangement  of, 
129,  144  ;  of  Foxdale  Granite,  168; 
succession  of  movements  in,  71-72; 
movement-structures  other  than 
crush-conglomerate,  72-86 ;  com- 
plex cleavages  in,  83  ;  faults  in, 
86-88  ;  imheontology  of,  55,  89- 
94  ;  r)etrogra[)hy  of,  95-113  ;  gar- 
netiferous  mica  schist  in,  107,  110- 
114,  164  ;  age  and  correlation  of, 
114-115;  estimated  thickness  of, 
116 ;  conditions  of  sedimentation, 
117  ;  tectonic  structure  of,  117- 
119;  detailed  description  of,  120- 
186  ;  condition  prior  to  Carbon- 
iferous period,  190  ;  exi)osures  at 
Carboniferous  boundary,  197  ; 
platform  of  erosion  in,  295;  in- 
trusion and  dykes  in,  296-324; 
as  a  building-stone,  562  ;  as  road- 
metal,  565  ;  agricultural  charac- 
ters, 569  ;  in  a  boring,  587  (see 
also  *Agneash  Grits,'  *Barrule 
Slates,*  *  Lonan  Flags,'  and  *Niar- 
byl  Flags '). 

Margher-e-kew,  140. 

Marine  bed  in  drift,  340,  342,  390. 

Marine  Drive,  I  )ouglas  Head,  462. 

Marling',  ajrricultural,  418,  568. 

Marr,  J    K,  27,  114-11."),    222,  237, 
2.")(). 

Marrow,  P.  H.,  591. 

Marv  Voar,  184,  462. 

Martha  CJulJet,  178,    180,  182,   300, 

330. 
Maughold  Head,  12,  31,  39,  40,  48, 


89,    108,  109,    125,    314,  : 
347,  358,   444,  476,   482. 
548,  556,  560. 

Maughold  Head  Copi)er  M 
548. 

Maughold  Head  Iron  Mine^ 

Maughold  Hematite  lodes, 
485,     488,     489,     493,     .I 
572. 

Maximum  of  ice-sheet,  3 
389 

McCoy,  Prof.  F.,  589. 

Megaceros  {see  Certms  gitjfin 

Melaconite,  520,  531,  573. 

Melanteiite,  520,  573. 

Melaphyre  dyke,  242  -  2- 
325. 

Metalliferous  Veins,  480-5i 
torical,  480-485  :  general 
ters,  486 ;  direction  of 
486-488  ;  country  rock,  4! 
age  of  lodes,  488-491,  5: 
relation  to  dolerite  dyk 
491,  513-515,  530;  as.soci 
Ores,  493,  520 ;  details  o 
499-554. 

Metamorpiiism  of  Manx  SI 
106-114  {see  also  *  Altered 

Metamorphosed  greenstor 
'Altered  greenstones '  and 
lite  trai)s'). 

Mica-trai>s,  146,  148,  152,  1( 
petrography  of,  302-3a3. 

Micro-granite  dykes,  133,  1 
157,  158,  160 ;  petrogra 
316-  320  {see  also  *  Dhncm 
and  *  Foxdale  Elvans*). 

Middle,  460. 

Middle  River,  170,  459. 

Millais,  J.  G.,  386. 

Millerite,  536,  547,  573. 

Milne-Edwards,  I'rof.    H., 
Haime,  589. 

Milntown,  439. 

Minerals,  Manx,  List  of,  572 

Mineral  Statistics  (Isle  of 
493-498  ;  Foxdale  Mine 
East  Foxdale,  515  ;  Laxe 
North  Laxey,  525  ;  Snaefc 
Glen  Roy,  528  ;  Braddt 
Ballacorkisb,  53.T  ;  liellabl 
I^angnefs,  538  ;  Ballagla 
Ohio,  544  :  Kirk  Micbai 
Umber,  555  :  Salt,  559  ;  B 
stone,  562-564  ;  Brick 
r67. 

Mines,  Manx,  early  reference 

•17,  124,  481  ;  history  of,  A 
Foxdalegroup,  499, 500-51( 
group,  499,  519-529  ;  S 
group,  499,  529-539  ;  ^ 
Hematite  group,  499-54! 
cellaneous  Trials,  499-554. 
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Mines  Boyal,  grant  of,  483. 

Minettes,    30^.      (see    aJso    Mica- 
traps). 

Minorca,  451. 

Mitten,  W.,  374. 

Moaney  Mooar,  469. 

Molybdenite,  143,  550,  573. 

Mona  Cliff  House  (Douglas),  153. 

Montpellier,  563. 

Montpellier  Mine,  548. 

Mooragh,  The,  430,  566. 

Mooragh  Sand,  474. 

Moore,  A.  W.,  on  Rainfall,  11;  on 
Lheo  drainage,  435  ;  on   Mines, 
481,  482,  500,  519,  594. 

Moore  T.,  570. 

Moraine  of  retrocession,  358. 

Moraine-like  drift,  448,  450. 

Morecambe  Bay,  393. 

Morton,  G.  H.,  21,  590. 

Mosses  from  Arctic  fresh-water  bed, 
374. 

Mount  Craig,  90. 

Mount  Dalby  Mining  Co.,  548,  572. 

Mount  Gawne,  413,  414,  466. 

Mount  Karrim,  48,  448. 

Mount  Murray,  170. 

Muff,  H.  B..  366. 

Mullenaragner,  468. 

Mullagh  Ouyr,   41,   159,   160,  361, 
449,  451,  476. 

Mull  Hill,  42,  43  184,  172,  472,  478. 

•  Mullin-y-Chlea,*  Glen,  409. 

Murray,  J.,  378,  588. 

Nab,  454. 

Narradale,  59, 60,  104,  134,  328,  449. 

Nascoin,  448,  551. 

Xa$$a  KeiTiiodei  336,  475. 

Nas9a  itumens^isj  336,  475. 

Nassa  serrataj  336, 437,  475. 

Native  copper,  531. 

Nearv  302. 

Neb  River,  3,  8,  277,  278,  349,  383, 

384,  409,  410,  411,  453,  457,  458. 
Neb  valley,  53,   55.  137,  138,  156, 

157,  161,  263,  277,  349,  449,  453, 

566-567.  - 
Nemerites  numermSy  90-91. 
Neolithic    remains,    377,    403,  404, 

409,  414,  415,  422,  423,  431,  432, 

435,437. 
Nei^itites  nionermy  90-92. 
New  Foxdale  Mine,  515. 
Newton,  E.  T.,  276,  287,377. 
Newton,  R,  B.,  261. 
Niarbyl,  The,  (Niarbyl  Point),  31, 

35-36.  146,  148-149,  300. 
Niarbyl  Bay,  49,  53,  54,   149,  297, 

306,308.461,546. 
Niarbyl  Flags,  4, 12,  15,  30 ;  general 

description  of,  35-39  ;  lime  in,  36, 

566  ;  structure  of,  36 ;  andesitic 
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breccia  in,  38,  163,  323-324 ;  rela- 
tion to  crush-conglomerate,  70 ; 
movement-effects  in.  76-79 ;  thick- 
ness of,  116 ;  lo'^al  descriptions 
of,  146-151,  162-163  ;  slate 
([uarries  in,  560-561  ;  as  building 
stone.  562. 

Niarbyl  Mine,  {see  Glen  Rushen 
and  Niarbyl). 

Niarbyl  Overthrust,  87,  149. 

Nicholson,  Prof.  H.  A.,  115,  267, 
{see  also  Harkness  and  Nicholson). 

Nickel,  480,  536,  547,  573. 

Nodules  in  Manx  Slates,  34,  96,  97, 
121,  123, 128,  129, 149, 151  ;  petro- 
graphy of,  96-97. 

North  American  crush-conglomer- 
ates described  by  Van  Iiise,  56- 
57. 

North-and-south  lodes,  487,  505, 
513,  521,  535,  541,  544. 

North  Barrule,  3,  50,  140, 317,  334, 
361,  363,  449.  450. 

North  Channel^  393. 

Northern  district,  details  of  solid 
rocks,  120-151  ;  west  coast,  120- 
122  ;  east  coast,  123-131  ;  inter- 
ior, 130-151  ;  concealed  rocks,  280- 
295  :  details  of  superficial  deposits, 
north  coast,  417-421  ;  west  coast, 
422-428  ;  east  coast,  428-430  ; 
interior,  430-44C. 

Northern  drift- plain,  concealed 
strata  of,  4,  190,  .280-290  ;  general 
description  of,  5  details,  417-440  ; 
resemblance  to  Holderness,  6,  13. 

Northern  Hills,  The,  general  descrip- 
tion, 6  ;  old  sea-margin  of,  6  : 
drainage  of,  7  ;  details  of  solid 
rocks,  131-146  ;  details  of  drifts 
etc.,  437-457. 

Northern  Lights  Commissioners, 
417. 

Northern  Mine  {see  Ramsey  or 
Northern  Min? . 

North  Foxdale  Mine  {see  Glen  Meay 
Mine). 

North  Gill  Lode,  505-6. 

North  Laxey  Mine,  97, 141,  491-493, 
524-525. 

North-of-England  lead-veins,  age  of, 

490. 
North  Ramsey,  430,  437,  473. 
North  Wales,  glaciation  of,  393. 
Nova  Scotia  (mines  in),  488. 
Nunataks,  396,  397. 
Nunnery,  The,  46. 
Nunnery  Howe,  460,  478. 
Nuts  in  alluvium,  439,  446. 
Ny  Pheastul,  150. 

OakhUL  91. 

Oatland,  185, 186,  320-322,  370,  478. 
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Oatland  Granitite  complex,  107, 
ia'>,  320-322,  564,  565. 

Oatlands,  457. 

Ochre,  («ec  LTmber). 

Ohio  Sline,  169,  543. 

Ok^ll,  R,  3a'>. 

Old  Foxdale  Mine,  500,  502,  503, 
509-513. 

Old  iuap«,  408,  412. 

Olivine  -  dolerite  dykes,  petro- 
graphy, 327-329  ;  list  of,  329-331  ; 
evidence  for  age  of,  327 ;  pre- 
valence of  low-levela,  327  ;  doubt- 
ful examples  of,  325,  327-329; 
details,  59,  126,  127,  134, 136,  148, 
150,  151,  152,  154,  155,  169,  171, 
177,  178,  180,  182,  183,  184,  185, 
194,  195,  201,  202,  203,  204,  210, 
211,  212,  216,  220,  239,  242,  243, 
246 ;  in  relation  to  mining,  488- 
491,  514-515,  530,  538,  541,  545, 
54(s  556. 

Onchan,  347,  452. 

Oiichan  Harbour,  151,  153,  445, 
5.')3. 

Onchan  (Doujjflas  Bay)   Mine,  548. 

(K>i^  ny  Sovir,  150. 

( )rc  in  a  *  slide,'  522. 

( )res,  metallifen>us,  486-498  ;  associ- 
ation of,  in  lodes,  493  {^ee  also 
*  Lead  -  ores,*  *  Iron-ores.*  *  Zinc- 
ores'). 

Orrisdale,  353,  374,  425,  447. 

Orrisdale  Head,  339,   345,  348,  354, 
.     374,  404, 409, 422-425  ;  loss  of  land 
at,  13. 

Oswald,  H.  R.,  379-381,  382,  588, 
589. 

Overfolds,  32. 

Overthrust  faults  87,  149,  178,  180, 
225-251. 

Overthrusts  simulating  bedding,  140. 

Over  wash  plains,  gravel,  356,  358, 
372,  434-437. 

PalcFochorda  majoTy  26,  91,  127. 

Pnheochorda  minor j  91. 

Palitolithic  man,  absence  of,  415. 

Palaeontology,  of  Manx  Slates,  89-94 ; 
of  southern  Carboniferous  rocks, 
251-262  ;  of  Peel  Sandstones,  263, 
2f)5,  267,  276  ;  of  Carboniferous 
rocks  in  deep  borings  of  north, 
284,  288  ;  of  glacial  deposits,  473- 
475 ;  of  late-glacial  and  iK)st- 
filacial  deposits,  374-377,  385. 

Pale  seams  in  flags,  iiossibly  volcanic, 
148,  154. 

Park  Hill,  254. 

Parkinson,  J.,  on  Manx  Carbonifer- 
ous Fossils,  187. 

Park  Lewellyn,  140,  141,  317,  363, 
4:,0,  476,  551. 


Park  Mooar,  136,  317,  476. 

Parkneakin,  135. 

Peat,  5.59;   of  Cunra^hs 
437-439;  of  central  val 
of  hills,  415-416,  449. 

Peat   bed,    Late-glacial, 
897. 

Pebbles  artificially  carried^ 

Pebbles,  of  Carboniferous 
erate,  191-192;  of  Peel  a 
263,  266,  267,  269,  263, 
of  recent  beach,  417-418. 

Peel,  146,  161,  263,  266, 
279,  295,  326,  349,  403, 
457,  558,  563,  566,  571,  5 

Peel  Bay,  146,  277,  442. 

Peel  Castle,  443,  563. 

Peel  Hill,  3S,  147,  161,  27G 
560,  561. 

Peel  Koad  Station,  155. 

Peel  Sandstones,  4,  12,  16 
of,  88,  188,  192,  251,  263 
general  account  of,  263 
tailed  deBcri)>tion,  272- 
of,  discussed,  267-272, 2 
of,  263,  2C»5,  267,  270,  2: 
exjxwures,  277-279  ; 
sections,  272-277 ;  Prof, 
on,  2G6-270,  279  ;  pebbl 
266-269,  273-276  ;  distui 
263,  271,  273,  276 ;  no 
299  ;  limestone  in.  264, 
compared  with  Calcifer 
stone,  265 ;  tiiickness  of. 
relation  to  northern  p 
293,  295  ;  compared  wit 
deep  borings,  284-285, 
as  a  building-stone,  563. 

Pegmatitic  vems,  lii6. 

Pennine  Ice-sheet,  395. 

Pen  y  Phot  or  Sulby  Ri 
548. 

Pen-y-Pot  (see  Beinn  y  Ph< 

Permian  rocks  in  deep  boi 
269,  281-287,  2»4,  : 
584. 

Perwick  Bay,  42,  75-76, 
205,  338,  466,  530. 

Petrography  (by  Prof.  W.  1 
of  Manx  Slates,  95-113 
and  banded  slate?,  96-9'! 
and  coarse  grits,  97-99  ; 
99 ;   of  crush-conglome 
106;  of    diorites    and 
phyres,  300-302;     of  h 
mica-traps,  302  ;  of  bio 
traps,  302 ;  of  rocks  be 
phyritic  augite,  303 ;  of 
phjrritic  diabases,  304 ; 
p)osed     greenstones, 
schistose    greenstones, 
metamorphosed   greena 


actinnlite -traps,  308 ;    of  DhooD 


;  of  Lhergydho  traps,  317  ;  of 
Altered  elvans,  318;  of  Port-e- 
Myllin  dykes,  310  ;  of   Oattand 

Sanitite    complex,   320-322  ;     of 
klby  andesitic  breccia,  323  ;  of 
Carboniferous    Volcanic     rocks, 
344 ;    of    oliTine-dolerite  dykes, 
327-328 
Phillips,  J.  A.,  503,  583. 
Phosphate  of  Iron,  376,  378. 
Phyllite,'  applied  to  Mam  Slites, 

49. 
Physics  of  ice-motion,  393. 
Pbyaiographic  studies,  5-10,  431. 
RKeon  Stream,  154,  478. 
Krason-L.  v.,  491. 
Pistol  Castle,  184. 
Pitching  folds,  46-47,  86,  146,  151, 

152,  163,  154,  184. 
Place-names,  old,  17. 
*  Plans  of  Abandoned  Mines '  (Home 

Office),  528. 
Plant    remains,     in     Posidonomya 
Beds,    218,    219,    253,    254  ;    in 
Carboniferous    rocks    of     Balla- 
Kenney  boring,  287  ;  from  Arctic 
fresh-water   bed,  374,    37.i,   376, 
388  ;  from  ]>ost-glacial  beds,  374- 
376,  385,  427,  437. 
Plumbago,  560  (sM   alto  Graphite). 
Plamosite,  489,  502-604,  610,  354. 
Point  of  Ayre,  ■%  5, 287, 288-290,  294, 

344,  355,  40     417,  473,  578,  585. 
Point  of  Ayre  I'irst  Boring,  288-289, 

418,  578-579 
Point  of  Ayre  Second  Boring,  289-290, 
337,  338,  340-345,  390,  418,  473, 
476,  585-5:'0. 
Point  Cranstal,  II,    335,  341,  344, 
354,  35.1,  402,  406,  428,  429,   433, 
4Br),  473-475. 
Polished  quartz-grains  in  sandstone, 

285,  343. 
Pollard.  Dr.  W.,  275. 
Polyt«lite,.'i01-002,  610. 
I'ulyzoa,  Carboniferous,    258,    288 ; 

Glacial,  473. 
Poorlown,   48,   108,    155,    156,    304, 

457. 
Poortown  Diabase,    156,    162,  6G5 ; 

analyses  of,  676. 
Poolvash,  204,  207,  208,  2L0-217, 218- 
228, 232,  233-235,  248-251, 327, 331, 
401,  412,  465,479,  564. 
Poolvash  Limestone,  189,  207 ; 
genera!  description  of,  308-216  ; 
inland  ex|>osureK  of,  216-217 ; 
Cummingon  fossilsof,208;  knoll- 
atructure   in,    209-216,   S49  250; 
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best  foflsll-locality  in,  214;  hrcc- 
ciated,  214-216  ;  relation  to  I-ower 
limestone,  213,  217  ;  relation  to 
Volcanic  series,  210-211,  217,  244, 
248-249  ;  fossils  of,  252.  254-255, 
257-262  ;  Dr.  W.  Hind  on,  254-255. 

Poolvilla,  4.-1I. 

Porphyritic-augite  greenstones,  pet- 
rography of,  301. 

Porpnyritic  diabases,  petrography  of. 

Ports  or  Purta,  14 

Port  Bravag,  178,  19.'.,  331,  539. 

Port  Cornah,  34,  96,  129,  308,  444, 

542,  543. 
Port-cranstal,  418,  428. 
Port  Erin,  12,  14,  43,  172,  299,  3Wi, 

352,  371,  402,  4«1,  472,  478,  484, 

532,  570. 
Port  e  Myllin,  7,  123-124,  297,  319, 

320,  372,  409,   443,  444,  450,  549, 

560. 
Port  e  Vuyllin  (we  Port  e  Jfyllin). 
Port  Grenaugh,  183,  299,  330,  462, 

469. 
PortGroudle,  152,  302,  445;  mica- 

dioi'it«  at,  152,  302,  r,m. 
Port  Jack,  153,  445,  554. 
port   Lewaigue,  55,   123,   136,   307, 

347,  443,  551. 
Port  Mooar,  7,  31,  40,  91,  126,  329, 

347,  372,  409,  44;),  540. 
Port  Sodcrick,   155,  184,  329,  330, 

368,  460,  462,  463,  468. 
Port  Soldrick,  182-183,  300,  306, 330, 

462.  4T9. 
Port  St.  Mary,  14,  42,  176,  195-196, 

198,    20'.,   206,  250,  303,   30:'),  306, 

338, 3.)8, 359, 36^  415, 466-467, 472, 

479,  570. 
Port  Walberry,  155,  47a 
Poiidojiia  {tee  Po»idoju>nif/tt). 
Posidonia  Schist  {tee  Posidononiya 

Beds). 
Futiilonniiiya.  {Potuhnia)    lieclieri, 

220,  2.'-.2,  253,  256,  260. 
Posidonoinya  BedM,  189,  211,  214, 

216;  general  description  of,  217- 

222  ;  plants  of,  21)^  254  ;  marine 

fossils  of,  219-220, 255-256 ;  fossil- 
list,    257-262;    quurtz-pebl>le    in, 

221  ;     junction     with     Volcanic 

Series,  211,  222-225,  248-240:  Dr. 

W.     Hind    on,    255-256;  'black 

marble '  quarried  in,  564. 
Possible    existence  of  Pre-Carl)on- 

iferous    rocka    beneath  northern 

plain,  3-4,  190,  281,  296. 
Post- Carl  Mill  if  erous  dykes,  2!n;    («cr- 

.ih"  Oliviiie-dolerita  Dykta). 
Post-Carboniferous     faults,     m-t^^, 

294. 
Post-Racier   and    Recent    deposits. 
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historical  aoooant  cif,  400-408; 
Haised  Beach,  402-404,  578-&86; 
blown  sand,  404-405 ;  AUuviam, 
405-415  ;  hill-peat  415-416  ;  de- 
tails, 417-472  :  marl  from,  668. 

Post-glacial  valleys,  7,  10,  134,  138, 
161,  170,  277,  866,  372,  373,  406, 
409,  441,  44d,  468,  469-470. 

Post-Triassic  faults,  87,  294. 

'Pot-metalj*  565 

Poyll  Breinn,  204,  331. 

Poyll  Richie,  204,  212.  331. 

Poyll  Vaaish  {see  Poolvash). 

Pre-Carboniferous  dyke-roclu,  pet- 
romiDhy  of,  296-324. 

Pre-Carboniferous  faults,  86- Sa 

Pre-glacial  coast,  6,  12, 14, 120,  123, 
204.  347.  389,  406,  460. 

Pre-glacial  conditions  of  Island  dis- 
cussed  389 

Pre  glacial  tidal  flat,  347,  465. 

1^-glacial  valleys,  7,  10,  134,  138, 
151,  153,  161,  202,  276,  277,  352, 
366,  372,  406,  409,  441,  445,  446, 
457,  462.  468. 

Primrose  Hill  {see  Cronk  Sumark). 

Profitable  Mines,  486,  493. 

ProlecttniUs  comjyressus,  198,  203, 
252,  253,  254,  255,  262. 

P8eudo-croas-l>edding  in  slates,  73, 
182. 

Pseudo-glacial  striae,  443. 

Prteudo-tamination  in  sfates,  82. 

Paeudo*ri])ple-inarking  in  slates,  73- 
75,  138,  146,  182. 

Psilopkyton  vtonensis,  90-91. 

I^roiKwa,  Carboniferous,  261. 

Puddle,  The,  (Calf),  173,  472. 

Pulrose,  170,  459. 

Purington,  C.  W.,  491. 

Purts  {see  Ports). 

Purt  Beg,  303,  304. 

l^irt  ny  Coan,  155. 

l*urt  ny  shee,  161,  456,  457. 

Purt  Veg,  183,  184,  330. 

Pyrrhotine,  520,  526,  539,  574. 

IVroiuorphite,  520,  533,  574. 

Quarries,  for   roofing-slate,  50,   122, 
124,  131,  132,  133,    135,    130,    137, 
138,  147,  150,    157,    162,    163,    164, 
167, 560-561  ;  for  fibrous  slate,  125, 
132,    174,   562-563;  for  building- 
stone,  153,  174,  181,  203,  277,  562- 
564 ;  in  quartz  veins,  164, 166, 557  ; 
for  road-metal,  49,  164,  168,  186, 
203,  565-566;    for  limestone,  203, 
206,  275,  563-564,  566  ;  for   *  black 
marble,*  220,  224,  664  ;    for  sand- 
stone,  277,  563  ;  for  granite,  14.% 
564. 

Suartz-breccia,  323. 
uartz-keratophyre,  315. 


Qnarts-veinii,  in  Agneash 
in  Bamile  Slates,  61 ; 
conglomerate,  68-69 ;  cr 
80  ;  garnets  in,   111  ; 
122,  134,  138,  140,    149, 
163,    164,    166,    169  ;  pt 
of,  320  ;  in  mining,  488 
in,  164,  166,  557. 
Quartzite,  massive^  137, 1-; 
Quartz-pebbles  inhmeston 
204,  221,  243,  244. 
juayle,  B.,  588. 
iuaylel  T.,  17,  484, 588. 
Queensland  (mines  inX  481 

Kaclay,  171,  316,  330. 

Raclay  Ghaw,  172. 

Rl^g^tt,  277,  278,  546. 

Rainfall,  statistics,   11  ; 
additionaL  11. 

Raised  Beacn,  general  di 
5,  402-404  *  persistence  ' 
214  ;   details,  127,  173, 

354,  412,  415,  417-422, 
446,  462,  464, 465  ;  in  bo 
290,  578-586. 

Raisin,  Miss  C.  A.,  loa 
Ramsey,  66,  123,  136,  346 

355,  359,  372,  397,  400, 
407,  408,  430,  437,  440 
560,  562,  563,  666,  671. 

Ramsey  Harbour,  408. 

Ramsey  or  Northern  ]^Iin< 

Rarick,  173,  472. 

Ravensdale,  448. 

Rearranged  boulder-clay, 

Reash,  113,  169. 

Rebog,  462. 

Recent  deposits  {see  Post-g 

Red  deer,  378, 401,  414. 

Reduction  in  cultivated  ai 

Reed,  F.  R  Cowper,  20^  5 

Regaby  Beg,  437,  666. 

R^onal  Metamorphism, 
108-114  ;  cause  of,  discu 
169. 

Reid,  C,  14,  374,  376,  376, 
388.  400,  416,  427,  437. 

Reindeer,  migration  of,  3S 

Relation  of  greenstone  dyke 
age,  297  •  of  lodes  U 
dolerite  dykes,  488-491 
630,  533-534,  538,  541, 
lodes  to  structural  axis 
488,  522,  530. 

Renshent,  107,  165,  166. 

Reversed  drainage,  373. 

Rheboec,  172,  654. 

Rheabybeg,  163. 

Rheabymooar,  163,  458. 

Rhenab  Glen,  144,  450. 

Rhenas,  157,  536,  547,  573. 

Rhenaa  River.  157,  453. 


Rbendhoo,  434. 

Rhennie    Laxay  Mine  (aw  Dhoon 

Mine). 
Khenny    (DhoonX    142,    4.V)  ;    (St 

Johns)  4.')9. 
Khenwyllan,  176. 177,  46ft,  466. 
Rhtfitchtniflla  /miltaeea,    342,    390, 

473. 
Richmond  Hill,  170,  371,  460. 
Riveradale,  S.'iS,  437,  43». 
Road-mcUl,  good  material  tor,  129, 

152,  IfiB,  565-667. 
Rcnn,  136. 
Rock-forming    ininerala,     list    of, 

672-&74. 
Rockmoant    (»ee    al»o    Poortown), 

1.^5,  156. 
Kock-fnignionts  in  Manx   grita,  46, 

49,97-99,  117. 
Konaldaway,  194,  I9fi,  199,  201,  206, 

257,  462,  46.1,  S-W. 
Hoofing    State,    ri59-G61     (»«  oho 

'  Quarries '). 
■Rosehill,  170. 
Tlosenbusch,  H.,  30O. 
Rotten -stone,  556. 
Rot-todt-liegende,  267. 
Rowe^  W.  H.,  485,  522,  525-526,  529, 

631,  637,  540,  541,  543,  r)44,  546- 

549. 
Rue  Point-,  40.1.  419. 
ltu3li(co.  Dublin),  270. 
Rushen  Abbey,  197,  206, 
Hnahen     Mines    (see    Ballacorkiah 

Mines. 
Kuaaell,  I.  C,  358,  397,  398, 4fH. 

SachevBrell,  W.,  16,  280,  400,  482, 

St.  Ann's  Head,  46-47,  88,  98,  117, 

155,  1R4,  299,  303,  308,  330,  347, 

368,  462,  469. 
St.  Bees'  Head,  267. 
at.  Rees'  Sandstone,  268,  269,  282- 

287,  294,  579-583. 
St.  John's,  49,  53,  156,  164,  349-351, 

376,  378,  383-386,409-411,  466. 
St.  Jude's,  437,  439. 
St  Mark's,  ao.%  469,  478. 
St.  Michael'K  Island,   1T9,   181-183, 

19.5,330,464,  562,506. 
St,  i'fttrick';4  tniair,  168. 
St.  Patrick's  Isle,  146-147,  277,  300, 

302,  443,  477,  563. 
St.  Paul's  Cathedral,  steps  of,  218, 

220,564. 
St  Runn'a  Church.  168. 
Saliferoua  Triassic  Marls,  288-890, 

294,  578,  585-586. 
Salijc  herbacea,  374,  37.5,  376. 
Salt,  289-291,  659,  570,  585-586. 
Salter,  J.  W.,  Ott 
Salb- water  spring,  S18-S14. 


Samorar  Hills,  Alaska,  .IJH. 

Sand  and  Gravel  for  building,  567. 

Sand-dunes,  5,  4(.i4-405,  418. 

Sand  wick,  4tj4. 

Siindwickltoe,  8i»2. 

S-indvsat«.  438,  439. 

Banton  Head  (tee  St.  Anne's  Head). 

Santon  River,  3,  9,  10,  166, 170,  18.5, 
189,  193,  351,  368,  462,  468,  469, 
553. 

Sartfell,  8,  138, 107,  447,  453,  661. 

Sartfield,  366,  422,  434 

Scaphopoda,  Glacial,  474. 

Scarlet,  18,  81,  189,  202,  217,  218, 
233,  248,  264,  257,  325,  465,  479, 
563,  576     {tee  alto  Scarlet  Poin  t). 

Scarlet  House,  202,  203, 331,  412. 

Scarlet  Point,  196, 199,  303,  204,  216, 
225,  228,  229,  230-233,  238,  242, 
245,  24fi,  248,  219,  331,  466,  534 
(nee  aim  Scailet). 

Schedule  of  Mines  (in  1827-8),  484. 

Schistose  Granite,  142-141 16,1. 

Schistose  Greenstones,  details  of, 
121-123,  126,  175-176,  179,  181, 
182,  605,  536,  562 ;  petrography  of, 
298,  307,  (««  cdio  Calc-cnlorite- 
schist). 

Scotland,  raised- bcich  in,  404. 

Scottean,  178,  180. 

'  SiTahlag,'  iii). 

ScJilield,  469. 

«eal  Itocfc,  202,  2*3. 

Search  for  Coul,  23,  274,  278,  279, 
280-281,  481,  482,  557-559. 

.Sea-Stacks,  age  of,  125. 

Soa-view,  429,  436. 

Seaweed  as  manure,  568. 

Sedgwick,  Prof.  A.,  267, 

Shag  Rock,  176. 


Shnn-agh  Bedn,  138,  548. 

'Shear-cleavage'  couiiuircd  with  true 
cleavage,  78-79 ;  niicroscopic  as- 
pect o^  102-103.  HO;  relation  to 
uetamorphiam,  114. 

Sheared  elvana,  details  of,  145, 
150,  158,  1.W,  167,  171  ;  petro- 
gni|)hy  of,  298,  314,  316,  318. 

Sheared  greenstones  {»et  Schistose 
green.snine.t). 

Shellag  («f  Point  Cranstal). 

Sh  en  valley,  469. 

'Shilly'soil,  .-)69. 

Shipman.  J.,  265,  276. 

Shughlaig.iuiggin,  .547, 

Siberian  tundra,  388. 

Sillwrfahlerz  {tet  Polytelit*  and 
Tetrahedrite). 

Silver,  496-498,  508,  520,  527,  533. 

Silvorbum,  3,  9,  lom,  ii3,   167,  189 


l!?DKX. 


619 


Striated  joint-planes,  152. 

Strickland,  H.  E.,  332,  589. 

Stroan  ny  Fasnee,  552. 

Stroin  Vuigh,  150,  330. 

Strooan  ny  Gragee,  151. 

Struan  Bamile,  165,  166,  167,  553. 

Submarine    tunnel     under    North 

Channel,  conditions  for,  231. 
*Submergwi      foiest,'     Stra^dhall, 

41-3-416,  465. 
Succession  of  movements  in  Manx 

SKtes,  71-72. 
Suffar-loaf,  The,  174. 
Sulby,  4:^8. 
Sulby  Bridge,  439. 
Sulby  Curragh,  407-  408,  438. 
Sulby   Glen,  15,  48,  53,  55,  59,  60- 

65,  99,  105,  133,  299,  362,  361,  372, 

373,  397,  407,  449,  551,  660,  561. 
Sulby  River,  3,  7,  79,  134,  138,  361, 

407,508^  416, 430, 438, 440, 449, 548. 
Sulby  River  Mine  («<»«  Pen  y  Phot 

Mine). 
SuiKirimpoaed    drainage    of    drift- 
plain,  431. 
Swinnerton,  F.,  592. 
Syncline  in  Lonan    Flags,  151-155, 

l.')9,  184. 
Synclinorium   in  Manx  Slates,  30, 

52,53,  in,  117-119. 

Table  of  Strata,  4. 

Tableland  Point  (Gob  ny  Rhona), 
123,  297,  308,  443. 

Tarns,  their  absence  explained,  453. 

Tarrastack  Rock,  178. 

Taubinan,  J.,  379. 

Taylor,  J.  [E.],  21,  25,  90-92,  264- 
265,  275,  520,  690. 

Teall,  J.  J.  H.,  308,  426. 

Tellett,  Dr.  F.  S.,  430,  575,  592. 

Terraced  drift,  356,  371,  372,  406, 
429,  431  (liee  also  *  Gravel  Plat- 
forms,' and  High-level  gravel- 
terraces). 

Tessellation  structures  in  Niarbyl 
Flags,  77-78,  148. 

Tctrahedritc,  602,  604,  611,  574. 

Thalloovell,  305. 

The  Bug^ne,  432. 

The  Carnck  (see  Carrick,  The). 

The  Chasms,  43,  172,  174,  176,  184, 
302  324  479. 

The  dlug^d  (see  Cluggid,  The). 

The  Court  (Peel),  279. 

Th«  Ayre,  (see  Ayre,  The). 

The  Dreem,  450. 

The  Ladder,  302. 

The  Lhen  (see  Lhen,  The). 

The  Niarbyl  (see  Niarbyl,  The). 

The  Rule,  439. 

TheSkoryn,  451. 

The  Slock  (see  Slock,  The). 


The  Stack  (see  Stack,  The). 

The  Stacks,  536. 

The  Whine,  154,  155. 

Tholt-e-Will,  64,  65,  97,  134,  31  r). 

Thomas,  J.  L.,  502. 

Thorpe  Cloud,  254. 

Thousla  Rock,  172. 

Thurots  Cottage,  358,  4;J2. 

Thwaites,  W.,  590. 

Tiddeman,  R.  H.,  210,  367,  368,   389 

394. 
Todd,  J.,  23,  188,  281,  288,  290,  419 

578,  581,  594. 
Topographical  nomenclature,  Manx, 

ancient,  17  ;  peculiarity  in,  141. 
Tosaby,  167. 
Tourmaline,  fibrous,  143,169,  556-557, 

574. 
Towlfoggy,  176,  304. 
Townsend  Mine  (see  Comelly  Mine). 
Townley,  R.,  16,  688. 

Triies,  15. 

Traie  Curn,  40, 126,  540. 

Traie  Fogog,  266,  267,  270. 

Traie  ny  Foil  Ian,  40,  109,  III 

Traie  nyGill,  330,  553. 

Traie  ny  Hallsall,  128. 

Traie  nySloat,  183. 

Traie  ny  Uainaigue,  128,  301,  314. 

Traie  Vane  (Dalby).  149. 

Traie  Vane  (PerwickX  176. 

Traie  Vrish,  149,  546. 

Transverr.e  faulting  of  loHcs,  4S0- 
487,  505,  513,  521,  622,  535. 

Traquair.  Dr.  R.  H.,  379. 

Tread  well  Mine,  Alaska,  491. 

Triassic  rocks  in  deep  boring-s  268- 
269,  281-290,  294,  343-344,  559, 
578-586  ;  formerly  overlying 
slates,  125,  291,  639. 

Triple-cleavage  structure,  83. 

Trilobite,  5.5,  66,  89,  93. 

Tromode,  161,  466,  467. 

Trophon  Fahrici,  336,  475. 

Trophon  clathratuSj  336,  476. 

Twigg,  J.  A.,  600,  610,  519,  531. 

Twin- valleys,  470. 

Tyrrell,  J.  B.,  395. 

Ulican,  455. 

Umber,  126,  201,  202,  206,  496-498, 
631,  633,  641,  556-666 ;  mode  of 
preparation,  556 ;  mode  of  occur- 
rence in  Devonshire,  656. 

Umber  Mine,  641. 

Unconformity,  at  Langness,  177, 
190-192,  195  ;  at  base  of  red  rocks 
in  deep  borings  in  north,  269, 
286,  287,  291-296. 

Underwood,  Dr.  T.,  550. 

Undisturbed  minerals  in  lodes,  503. 

Union  Mills,  349,  371, 411,  412,  454, 
467,  459. 
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